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Preface 
In his "final" thoughts on stuttering, summarizing what he had learned about the disorder 
throughout his life as a therapist, as a researcher, and as a person who stutters, Charles van Riper 
(1990) concluded that "stuttering is essentially a neuromuscular disorder whose core consists of 
tiny lags and disruptions in the timing of the complicated movements required for speech" (p. 
317). Of course, this is primarily a statement of personal conviction, and other researchers will 
disagree with Van Riper. But apart from the question whether or not his conclusion is valid, it 
emphasizes the obvious speech motor character of disfluent events in stuttering. That is, 
stuttering presents itself to the listener as well as to the person who stutters as a disruption in the 
motor realization of speech. The consequence of this statement is not to be underestimated. It 
essentially means that any theory on stuttering eventually needs to explain how the variables 
that are assumed to cause stuttering, will affect speech production at the level of motor control. 
This basic interest in speech motor control forms the major impetus for this thesis, in which two 
questions are central. First: Do people who do and who do not stutter differ in specific aspects of 
speech motor behavior? And second: If so, how should we interpret these group differences? In 
trying to find an answer to these questions, the focus will mainly be on (perceptually) fluent 
speech, which is not, or at least much less, contaminated with the motor events that tend to 
occur as a (learned) reaction to the breakdown of motor control in disfluent speech. 
In part one of the first chapter, the motor approach to stuttering is introduced in its 
relevance for the theoretical framework that is needed for an adequate description and 
interpretation of the events that define fluent speech in people who do and who do not stutter. In 
the second part, an extensive, although perhaps not in all aspects complete, overview is provided 
of observed differences between stuttering and nonstuttering subjects at specific stages of 
speech motor production, including data from the studies that are described in more detail in this 
thesis. The third part of the first chapter offers a summary of the findings to be presented in the 
remaining chapters of this thesis (chapters 2 to 6), followed by a brief description of a new 
experimental approach that can be used to test in more detail the hypotheses that arose from the 
research described in the thesis. Finally, in part four of chapter 1, some general conclusions are 
drawn about the research reported in this thesis. 
Motor control involves many levels of processing. It starts at the level of motor task 
planning and it ends at the level of the execution of muscle commands. So, as a first general 
approach, it seems a natural question to ask whether people who stutter differ from nonstuttering 
persons at higher ("planning") or lower levels ("muscle commands") of motor control. In chapter 
2, the lower level is addressed by investigating group differences in the control of muscle 
activity, in particular with respect to the relationship between the amplitude and duration of 
muscle activity. But then, even if group differences at this level occur, how can this explain the 
well-known effects of linguistic variables on stuttering? For example, a person who stutters does 
so more often on longer sentences and longer words, especially if the word is at the beginning of 
an utterance. In order to explain these linguistic effects from a motor control perspective, it 
seems necessary to demonstrate that in general these linguistic variables have a clear impact on 
the control of muscle activity. This is tested in chapter 3 with normal speakers. 
What about the higher levels of motor control? It has been claimed that people who stutter 
differ from nonstuttering persons in their ability to generate motor plans for speech production. 
This claim is tested in two studies, reported in the chapters 4 and 5. In addition, recordings of 
specific motor events are used to provide information on the lower level aspects of motor 
control. In this way, the question about which level is more important in explaining group 
differences (see above), is expected to be answered more directly. Finally, in chapter 6, a recent 
development in speech motor research, the Electro-Magnetic Mid-sagittal Articulography 
(EMMA), is introduced. This technique enables the registration of articulatory movements, 
including the tongue. Thus, important information on motor control can be gathered at the level 
of movement execution. An application of this technique is presented at the end of chapter 6, 
describing a study on motor coordination in people who stutter and control speakers for 
movement onsets and movement peak velocities. 
In sum, with respect to the two questions mentioned above, that is, (1) "do people who 
stutter differ in specific aspects of speech motor behavior?", and (2) "how should we interpret 
these group differences?", this thesis aims at providing new data and explanations that will 
further improve our knowledge of motor control in people who do and who do not stutter with 
respect to the way these groups handle differential demands on their speech motor system. The 
chapters in this thesis, except for chapter 1, have been published or accepted as a peer-reviewed 
journal or book article (chapters 2, 3, 4, and 6) or have been submitted for publication (chapter 
5). A complete list of publications by the author can be found in the back of this thesis. 
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Introduction: A motor-control approach to stuttering 
(part of this chapter will appear in Van Lieshout, Ρ Η Η Μ , Hulstijn, W, Peters, H F M , & Alfonso, Ρ J (1995), 
Coordination in stutterers and nonstutlerers In С W Starkweather & H F M Peters (Eds ), Proceedings 1st World 
Congress on Fluency Disorders An IFA publication) 
This thesis reflects a motor-control approach to stuttering But what defines a 
motor-control approach and how does it contribute to improve our understanding of the 
stuttering syndrome7 These questions, and several related further issues, are addressed in the 
first part of this chapter In the second part, an overview is presented of the most relevant 
findings reported in the literature on differences between people who do, and who do not stutter 
in various aspects of speech motor behavior In this overview, there is a reference to a general 
model of speech production to aid the reader in understanding the potential significance of these 
data Still, in light of the large number of findings, as well as their sometimes ambiguous nature, 
it cannot be denied that this part is rather elaborate and perhaps, in some instances, even difficult 
to read for someone not familiar with the topic In the third part of this chapter, the findings of 
the experimental work described in this thesis are reviewed and discussed with respect to what 
they could tell us about motor control in stuttering and nonstuttenng subjects Furthermore, a 
brief description of a new experimental approach is given, which is intended to follow-up on the 
research described in this thesis In this new approach, detailed aspects of motor control in 
normal speakers and in speech-disordered populations can be investigated using specific 
manipulations in motor response complexity Finally, in part four, general conclusions are given 
with respect to the outcome of the work described in this thesis 
Parti 
Why follow a motor-control approach to stuttering? 
Many definitions of stuttering describe the disorder as an involuntary interruption in the 
motor expression of speech (cf Alfonso, 1990), although clear objective and precise entena to 
define the term "involuntary" are still scarce (Kelly & Conture, 1988, see also Alfonso, 1990; 
Smith, 1990b) Perhaps it is a save approach, at least until there is a better way to distinguish 
between voluntary and involuntary aspects of stuttering, to assume that the onset of a stuttering 
event is basically involuntary (but see Postma & Kolk, 1993) However, once the speaker is 
aware of the disruption, he1 may engage in a number of "voluntary" (motor) actions to deal with 
the unexpected or even unwanted situation (see next paragraph) Despite this controversy about 
involuntary and voluntary aspects in stuttenng, it is clear that the disorder is charactenzed by the 
occurrence of typical motor events, both in disfluent and in perceptually fluent speech, that a 
theory on stuttenng needs to address in order to explain their relationship to the supposed 
cause(s) of stuttenng (see also Smith, 1990a, 1990b, 1992a) That is, a complete picture of 
stuttenng cannot be achieved without a thorough understanding of the mechanisms that underlie 
The word "he" is meant to include both male and female persons throughout this thesis 
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speech motor control in normal speakers and in people who stutter. From these statements it 
should not be deduced that a motor approach towards stuttering necessarily implies that the 
origin or cause of the disorder is sought within the (speech) motor system. Neither is a motor 
approach towards stuttering sufficient to include all factors that may influence the development 
of the disorder (cf. McClean, 1990; Smith, 1990a). Stuttering, as is presently emphasized by 
most researchers and clinicians in the field, is a complex phenomenon in which cognitive, 
linguistic and motor aspects combine to generate a highly idiosyncratic behavior (see also Prins, 
1991; Starkweather, 1987; Van Riper, 1982; Watson, Freeman, Devous, Chapman, Finitzo, & 
Pool, 1994). One way to approach this complexity, is to use a classification in which different 
levels of a disorder can be distinguished. 
Impairment, disability and handicap levels in stuttering 
As shown by McClean (1990) and Prins (1991), a useful classification can be found in the 
widely applicable model of human disorders, in which a distinction is made between levels of 
impairment, disability and handicap (cf. Frey, 1984). The first level (impairment2) refers to the 
(as yet unknown) cause(s) of stuttering, which in most recent theories on stuttering relates to 
structural or functional deficits somewhere in the neural substrate underlying speech production 
(see Janssen, 1994, for a review of major theories on the origin of stuttering). 
The impairment is assumed to form the basic mechanism by which motor processes break 
down, and, ultimately, result in speech disfluencies, thus going from the level of impairment to 
the level of disability. At this point, the person generally is aware of the fact that he is not like 
other people, that is, he is confronted with a problem to generate normal fluent speech under 
otherwise normal circumstances. The behavior that is displayed at such moments forms a 
mixture of symptoms that either directly relate to the impairment (primary symptoms), or, 
reflect a (physiological) reaction to the stuttering, or, indicate a coping or compensation 
behavior that is used to fight stuttering (secondary symptoms). It is very difficult to make a clear 
distinction between these symptoms, because without knowing the nature of the impairment, it 
seems almost impossible to interpret a symptom as either primary or secondary (see also 
Alfonso, 1990; Ludlow, 1990). For example, if a person who stutters shows more 
electromyographic (EMG) activity is his lip muscles in disfluent speech production, does this 
mean that he has a deficit in controlling muscle activity, or that his motor system reacts to the 
stuttering with increased muscle tension? With respect to coping behavior, one could add that 
the person who stutters may try to make more forceful movements to break through his 
stuttering, which of course, would also increase muscle activity levels. 
One way to separate between cause and effect, at least in theory, is to compare the fluent 
speech of people who stutter with the fluent speech of people who do not stutter. As stated by 
McClean (1990), it is assumed that "abnormalities in motor system output during fluent speech 
reflect anomalies in the neuromotor system which are causally related to disfluent speech" (p. 
67). However, apart from the problem that may exist to identify fluent speech that is totally free 
from stuttering influences (Armson & Kalinowski, 1994), the same caveat as mentioned above 
holds for this fluent speech paradigm. Without knowing the cause(s) of stuttering, it seems 
somewhat arbitrary to designate a group difference in fluent speech as a reflection of a deficit or, 
2 
As mentioned by McClean (1990) the word "impairment" actually refers to a "physiological, anatomical, or 
psychological loss, abnormality, or injury" (p. 65) 
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for example, as a sign of compensatory behavior to prevent or fight the occurrence of stuttering 
(see also Alfonso, 1990). 
The third level of the human disorders model, as mentioned above, is the level of 
handicap. This level refers to the impact that the disability will have on the personal life and 
well being of the person who stutters. It includes all the behavior that a person who stutters 
displays in his attempts to deal with situations where communication with other human beings is 
required. This may affect the social situation, the professional career, and sometimes even the 
mental and physical condition of a stuttering person. Most likely, it is also this type of behavior 
that will mainly influence the opinion of "normal" speakers on a person who stutters. For 
example, many "lay" people, when asked about a prototype description of a "stutterer", will 
refer to a person who stutters as a somewhat nervous and shy person. Some will even argue that 
the cure for stuttering is simply to ask a person who stutters to speak in a more relaxed way. 
This impression, however, is based on the fact that some people who stutter have been 
confronted with negative reactions and misunderstanding of their problems so often, that it has 
made them rather anxious and unwilling to communicate. In short, people will react to a person 
who stutters, and he in turn will respond to these reactions of his environment. This vicious 
circle can become more threatening to the stuttering person than the stuttering itself (see also 
Bloodstein, 1987; Janssen, 1985; Starkweather, 1987; Van Riper, 1982). From this perspective, 
one could argue, that the handicap level is the level at which clinical treatment of stuttering may 
be most effective (Prins, 1993). 
Looking for the impairment of stuttering: searching for a needle in a haystack 
Most theories on stuttering try to define the impairment in stuttering, that is, they try to 
explain why a person stutters. However, the empirical support in favor of these theories is 
almost without exception based on the same ambiguous symptoms that were mentioned when 
discussing the level of disability in stuttering (see above). Cause and effect in fluent, and most 
certainly, in disfluent speech of adults who stutter are difficult to differentiate (see also Alfonso, 
1990; Armson & Kalinowski, 1994; Conture, 1991; Smith, 1990b). 
It has been suggested, that the influence of secondary symptoms on speech production is 
less problematic in children who are at the onset of stuttering, or who have just begun to show 
stuttering symptoms (Conture, 1991; Kamiol, 1995). It is assumed, that whatever differentiates a 
stuttering young child from a nonstuttering one, is more (than in adults who stutter) closely 
related to the impairment of the disorder. In young stuttering children, secondary symptoms 
have not developed to the extent as found in adult speakers (Conture, 1991), but this is not to 
say that they are totally absent (Hulstijn, Starkweather, & Peters, 1991). 
One of the major problems in doing research on young children is the limitation in the 
choice of instrumentation to study their speech motor behavior. Although some excellent work 
in this area has been done by Conture and associates (see Conture, 1991 for a review; see also 
Kelly, Smith, & Goffman, 1995), the use of more invasive techniques, for example, for studying 
tongue movements for a longer period of time, remains problematic (Van Lieshout, Hulstijn, & 
Peters, 1994). Therefore, most studies that investigated differences between stuttering and 
nonstuttering children, merely provide indirect information on speech motor behavior, like for 
example, the influence of specific conditions on the frequency of stuttering (see Kamiol, 1995 
for a recent review). Many of these conditions are well known for their effect on adult stuttering 
too (see Starkweather, 1987 and Young, 1985, for reviews), and they certainly contribute to the 
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perceived complexity of the disorder. However, as noticed by Conture (1991), whatever makes 
stuttering worse, or less for that matter, does not necessarily have a direct relationship to the 
cause(s) of stuttering. That is, if a stuttering child, for example, stutters more under situational 
stress, this does not mean that stress causes stuttering to occur in the first place. 
There is little question that speech motor research with young children who are at the onset 
of stuttering, needs more attention, but for obvious reasons there is a limit to the sort and amount 
of data that can be gathered (cf. Conture, 1987). Besides, there is still a huge gap in our 
knowledge about the developmental aspects of speech motor control (e.g., see Katz, Kripke, & 
Tallal, 1991; Smith & McLean-Muse, 1987, and, for ä more general discussion, Kent, 1981; 
Netsell, 1981). This makes it even harder compared with adult speakers, to distinguish reliably 
between normal and abnormal motor behavior. Without a more complete understanding of 
(normal) speech motor control, including learning and developmental aspects, the search for the 
cause(s) of stuttering is like searching for a needle in a haystack (see also Smith, 1990a, 1990b; 
Zimmermann, 1985), both for adult speakers and for children. 
Redefining the goals of the motor control approach: from cause to strategy 
In light of the above mentioned limitations, the motor approach to stuttering, needs to defer 
the highly problematic search for the cause(s) of the disorder, and "first concentrate on 
understanding the flexible and plastic limits of the physiological systems and what happens 
when breakdowns occur" (Folkins, 1991, p. 566). In this line of research, the identification of a 
motor control strategy becomes an important issue. How does a speaker exert control over his 
speech motor system given specific task demands? 
The word "strategy" as it is used here, does not imply that it reflects an act of 
consciousness. Rather, it refers to a preferred setting of parameters by which characteristics of 
individual movements, for example, movement speed, can be manipulated. Such control 
strategies can be adopted through subconscious learning within a larger neuro-muscular 
organization, in which functional constraints restrain the degrees of freedom in the speech motor 
system by linking individual articulatory movements to each other in the form of a coordinative 
structure or gesture3 (cf. Browman & Goldstein, 1990; Gracco, 1994; Saltzman & Munhall, 
1989). In this way, a stable pattern of coordination can be achieved across variations in 
movement amplitudes, durations, or velocities. This type of speech motor organization, defined 
in the Task Dynamic model of Haskins Laboratories (Saltzman & Munhall, 1989), is opposed to 
the more classic view, in which individual articulators are controlled independently from each 
other. In the Task Dynamic model, learning involves the creation of a "coordinative structure 
whose underlying dynamics are appropriate to the skill being learned" (Saltzman & Kelso, 1987, 
p. 86). Or, in other words, to learn a motor task is to find efficient ways to exploit the 
possibilities and limitations of the underlying dynamics of the motor effector system in 
controlling degrees of freedom (cf. Vereijken, 1993). If through (subconscious) learning, a 
particular coordinative structure or gesture proves to be an efficient organization for a specific 
task (e.g., lip closing), it may become a default (see also Jordan & Rosenbaum, 1989, for an 
In line with Saltzman and Munhall (1989), the term gesture is used to "denote a member of a family of 
functionally equivalent articulatory movement patterns that are actively controlled with reference lo a given 
speech-relevant goal (e.g., a bilabial closure). Thus ... gesture and movement have different meanings. " (p. 334, 
footnote 1). 
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extended discussion of this topic). This implies that individual subjects can and will differ in 
their preferred type of gestural organization for a given speech task, for example, with respect to 
the relative contribution of individual articulators (cf. Alfonso & Van Lieshout, 1995). A default 
gesture is supposed to be stored in a long term motor memory to decrease the demands for 
constructing it each time anew. The existence of such long term memory storage of gestures has 
been proposed for different types of movement units, including writing (Van Galen, 1991) and 
speech (Gracco, 1994; Levelt & Wheeldon, 1994). 
With respect to stuttering, a motor control strategy, that is, the preferred parameter setting 
by which kinematic aspects of individual articulatory movements (amplitude, duration, velocity) 
can be changed, seems a useful concept to evaluate group differences in speech motor behavior. 
However, as mentioned above, finding different control strategies in people who stutter, does 
not mean that it directly relates to the cause of stuttering. Rather, it may denote the way in which 
they handle differential demands on their speech motor skills. It is this type of information that, 
in my view, must form the basic objective of a speech motor approach towards stuttering, as will 
become clear from the experimental work that is presented in this thesis. In a way, this objective 
echoes the suggestion of Janssen (1994) that many researchers in the area of speech motor 
control are mainly driven by the urge to provide experimental data, and not to theorize about 
how these data reflect a possible cause of stuttering. A better understanding of motor control 
systems in both normal and speech disordered populations will surely contribute to the 
identification of the sources by which stuttering is triggered (see also Folkins, 1991). This may 
be illustrated by the following analogy. 
Imagine a person who is limping while he walks down the street. By careful observational 
and measuring techniques, a physician could describe in detail the motor organization and 
corresponding control strategies (preferred movement parameter settings) that characterize the 
limp pattern of this person. This information might indicate that the person in question avoids to 
put too much weight on one side of the body, and, in addition, that certain parts of that side are 
used in a manner that is different from normal gait. This seems to be the level at which stuttering 
research is now. In the example, the physician could pursue his research by concentrating on the 
effected parts, and carry out specific function tests to isolate the possible sources that are 
responsible for the limping behavior. Finally, the outcome of these tests may suggest that this 
person has sprained his ankle, that he has injured his knee ligaments, or that his muscles are in 
pain after a long and heavy training, etc. It is even possible that the original cause has dissipated 
a long time ago, and that this person just maintained this protective, but no longer appropriate, 
walking pattern4. If asked, he might even claim that he is walking just like any other normal 
person. For the sake of this example, I did not mention the obvious way for a physician to start 
his investigation, that is, by simply asking the patient what has happened. But then, the answer 
to this question could be as distracting from the "real" cause as the answer of a person who 
stutters when asked about the cause of his stuttering. 
So, even for a relatively simple problem as the explanation of somebody's limping 
behavior, there are a lot of potential pitfalls that a clinician or researcher has to keep in mind 
before reaching a firm conclusion. In order to explain stuttering, the challenge is much greater, 
and, at present, there is still a long way to go before we are able to use function tests, similar to 
In fact, many athletes who suffered an injury have to be explicitly instructed not to use this type of compensation 
strategy to prevent it from becoming a default (see also Mulder, 1993). 
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the ones mentioned in the analogy, to narrow down the array of potential sources of stuttering 
behavior. 
Part 2 
Differences between people who do and who do not stutter in motor aspects of speech 
production 
In this part, a summary of the main findings on group differences in various aspects of 
speech motor behavior will be presented. Although many of these findings have been of interest 
to define possible sources of stuttering behavior, this is not my objective, as mentioned in part 
one of this chapter. In general, these data are presented to provide information on how, rather 
than why, people who do and who do not stutter differ in the way their speech motor output is 
influenced by specific demands at different stages in speech (motor) production. 
A reference model 
Most data on differences in speech motor behavior between persons who stutter and 
matched control speakers are discussed as isolated phenomena without a clear reference to a 
general model of speech production. Such a reference, however, is necessary to address the 
significance of these data as regards the processes in speech production at which both groups 
can be distinguished most clearly. To this end, I will use a very general, rather eclectic model of 
speech (motor) production (see Figure 1), based on both old and more recent ideas (cf. 
Browman & Goldstein, 1990; Gracco, 1987, 1994; Levelt, 1989; Saltzman & Munhall, 1989; 
Sternberg, Monsell, Knoll, & Wright, 1978; Van Galen, 1991; Verwey, 1994). In doing so, it 
must be noticed that the fit to the model is not always perfect, as will become clear in the 
discussion of the data. Still, it seems better to have a model that is not adequate in all respects, 
and, thus, open to improvement, than to have no model at all. This would lead to a discussion of 
tail and trunk without ever discovering the elephant in between (see Johnson, 1958 and also 
Zimmermann, 1985, who used the allegory of the six wise men and the elephant to illustrate the 
disagreement among researchers and clinicians on the nature of stuttering). 
Since the focus in this thesis is on speech processes beyond the stage of conceptualization 
and syntactic/semantic formulation (see Levelt, 1989, for an excellent discussion of these 
topics), the model starts at the compilation of a phonological code, using word form information 
as stored in the mental lexicon (cf. Levelt, 1989). In the model, three global stages are 
distinguished, each of which can be further divided into substages. 
The first stage. For the first stage, the motor plan assembly stage, one can distinguish two 
substages. In the first substage, usually referred to as phonological encoding, a phonological 
code in the form of a phonological word is constructed in which the segmental and metrical 
word form information from the mental lexicon is integrated. These phonological words are the 
domain for syllabification, and the phonological syllables that are the result of such a process 
are used in the next substage to either retrieve a stored motor template from the so-called 
syllabary, or to create a new one (see Levelt, 1989; 1992; Levelt & Wheeldon, 1994 for more 
details). As already indicated in part one of this chapter, these motor templates can be thought of 
in terms of articulatory gestures, as described in the Task Dynamic model of Haskins 
Laboratories (Browman & Goldstein, 1990; Saltzman & Munhall, 1989). In the Task Dynamic 
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model, gestures relate to a specific speech task and its underlying dynamics (e.g., bilabial 
closure), and not to individual articulator movements. Furthermore, since a "typical utterance 
consists of more than a single gesture, the relations among gestures must be characterized in 
addition to the individual gestures themselves" (Browman & Goldstein, 1990, p. 308). Thus, the 
implementation of supra-segmental features, or prosody, needs to be taken into account. The 
final result of the motor plan assembly stage is a gestural score or motor plan of the intended 
utterance, which is loaded into a short term motor buffer (see also Verwey, 1994). 
The second stage. The second stage, the muscle command preparation stage, involves all 
the processes that are needed to translate the abstract task specifications as defined in the 
gestural score (motor plan) into specific muscle commands for the individual articulators like 
upper lip, lower lip, and jaw for a bilabial closure. As in the motor plan assembly stage, there 
are two substages. The first substage involves the retrieval of the motor plan from the short term 
motor buffer. This is followed by a process, called "unpacking" by Sternberg et al. (1978), in 
which the constituents of the motor plan are made available for the second substage, which 
involves the parametrization of individual muscle commands. It is within this second substage, 
where the motor control strategy as defined in part one of this chapter, is effective. 
The gestural specifications, by which individual articulators are linked to each other, put 
constraints on the timing (an emergent factor in dynamical terms) of "the potential degrees of 
freedom for task-related actions ... thereby reducing the overall motor control complexity" 
(Gracco, 1994, p. 6). Thus, at the motor output level, a motor organization defined in terms of 
gestures does not reflect itself in absolute spatial or temporal control, but rather in the way 
individual actions relate to each other in terms of covariation or motor equivalence (Alfonso, 
1991; Gracco, 1994). As already mentioned, the individual movement characteristics are related 
to the muscle command parameter settings, in which control strategies may become evident. 
The role of (proprioceptive/kinesthetic) feedback as indicated in Figure 1, can be 
considered as allowing fast corrective modulations on the temporal and spatial organization of 
these movement patterns if necessary (cf. Gracco, 1994; Gracco & Abbs, 1987; Schmidt, 1975; 
but, see Kelso, Tuller, & Harris, 1983). The same proprioceptive feedback loop can extend to 
the level of the motor plan assembly stage, where it can be used to adjust the sequencing or 
coordination of individual gestures (Gracco & Abbs, 1987; Saltzman, 1991). The role of 
auditory feedback on movement control or inter-gestural coordination is less clear and 
somewhat controversial (Borden, 1979; Forrest, Abbas, & Zimmermann, 1986; Levelt, 1989; 
Liberman & Mattingly, 1985). Auditory feedback may be important in its influence on the 
constraints that are used to limit the degrees of freedom for a specific coordinative structure or 
gesture. This is similar to the claim of Forrest et al. (1986) that "auditory information maintains, 
not controls, speech kinematics" (p. 561). In line with this idea is the suggestion that the 
auditory loop is more crucial in monitoring slower, supra-segmental aspects of speech (Neilson 
& Neilson, 1987), which may influence the demands on inter-gestural coordination at the stage 
of motor plan assembly. 
The third stage. In the third stage, the muscle command execution stage, the motor units 
of muscles in the speech motor effector system are activated, which will give rise to muscle 
contractions and, thus (if necessary), to movements in the respiratory, phonatory, and 
articulatory subsystems. All these movements and the resulting vocal tract changes will have 
aerodynamic consequences in terms of air pressure differences. Finally, these aerodynamic 
events will generate a sound wave, which according to Catford (1977) "is not itself part of the 
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human communicative process of language at all: it is merely the fortuitous medium that carnes 
information about the speaker's utterance to the hearer" (p. 10). According to Liberman and 
Mattingly (1985), the basic information that is carried relates to the gestures that underlie the 
movement patterns that generated the speech signal. In this view, articulatory gestures form the 
elementary elements of both speech production and perception. Thus, speech sounds are 
emergent properties of the gestural constraints and (muscle command) parameter settings that 
are used in speech motor production (cf. Löfqvist, 1990), and not explicit targets of motor 
control (Liberman & Mattingly, 1985; but, see Weismer & Liss, 1991). 
Word form information from mental lexicon 
Motor Plan Assembly Stage i 
Creation of phonological code 
Creation and buffer loading of abstract motor plan 
Muscle Command Preparation Stage I 
Retrieval and unpacking of motor plan 
Muscle force adjustment 
Muscle Command Execution Stage i 
Muscle command execution 
Movements 
Sub/Supra-qlottal pressure differences 
Acoustic events (speech) 
FIGURE 1. General model of speech motor production (see text for more details). 
A review - introduction 
The following review of findings on group differences in speech motor behavior starts at 
the motor plan assembly stage (the first stage of the model). Since a substantial part of the 
experimental work described in this thesis also focuses on this stage (chapters 4 and 5), this part 
of the review will be given some emphasis. Next, the major findings with respect to group 
differences in muscle command preparation and/or execution (stages two and three of the 
24 
Introduction: A motor-control approach to stuttering 
model) will be discussed. These two stages are taken together. For most findings in this area it is 
very difficult to make a clear temporal distinction, because the final processing of muscle 
commands and their subsequent execution are very close in time (Gracco, 1988, 1994; Haggard, 
1992; Schmidt, 1988; Verwey, 1994). Finally, there is a brief review of findings on group 
differences that might relate to the use of (proprioceptive) feedback in speech motor control. 
In reviewing the findings on possible differences between people who do and who do not 
stutter in the aforementioned stages of speech (motor) production, several studies which report 
on data of stuttering frequency will be included. However, one should be aware of the 
limitations in the use of stuttering as a performance measure. The most obvious objection, at 
least from a motor control perspective, is that this (perceptual) measure suggests that there is an 
"on/off element in stuttering, that is, when there is no disfluency, a person who stutters is like 
any other person who does not stutter (see also Alfonso, 1990). This assumption may distract 
from a perhaps more realistic view, in which a person who stutters is believed to move along a 
continuum of fluent and non-fluent speech. This means that there may be a difference with 
nonstuttering subjects in, for example, motor control, even though it is not audible in the end 
product (the acoustic signal) of speech production (cf. Cordes & Ingham, 1994). A second 
objection, again, from a motor control perspective, refers to the fact that the events that are 
denoted as stuttering do not convey specific information about the underlying speech motor 
actions. The perceptual cues that are used by listeners to identify different types of disfluency 
emerge from a complicated, non-linear information transfer of movement patterns to vocal-tract 
configurations and their aerodynamic consequences. Third, it has been shown that judges may 
differ widely in their agreement on what actually defines a certain type of disfluency, making its 
identification strongly biased by the personal criteria of the listener (e.g., Alfonso, 1990; Cordes 
& Ingham, 1994; Costello & Ingham, 1985). Finally, stuttering frequency as a (motor) 
performance index, obviously, cannot be used for group comparisons. However, despite these 
objections, the large number of studies that have used this measure justify the mentioning of 
their data in this review, 
Group differences that may be related to motor plan assembly 
There are a number of findings that are considered to support the claim that people who 
stutter have problems in assembling motor plans for speech (see Postma & Kolk, 1993 for a 
review). These findings include group differences as a function of word size, group differences 
in silent reading rates, group differences as a function of linguistic demands, and group 
differences in inter-gestural coordination. Also the issue of similarities between speech errors 
and disfluencies will be discussed in this section. 
Number of units. Probably one of the most salient variables that influences the processing 
demands in the motor plan assembly stage, is the number of units in a sequence (see Verwey, 
1994, for an extensive review on this topic). Longer verbal sequences are assumed to take more 
time to syllabify, to retrieve (create) all corresponding gestures from their mental store (Levelt 
& Wheeldon, 1994), and to generate an adequate inter-gestural organization, also because longer 
sequences have a more complex prosodie structure (Browman & Goldstein, 1990). Prosody also 
plays a role in the way it is influenced by syntactic complexity, which thus could influence the 
demands in specifying the phase relations between individual gestures (e.g., see Gracco, 1994, 
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and Kamiol, 1995). It should be noticed that sequence length can also effect other stages in 
speech motor production, but this will be discussed later. 
In line with these assumptions, people who stutter have been found to stutter more 
frequently at the onset of longer words (Peters, Hulstijn, & Starkweather, 1989; Soderberg, 
1966; see also Starkweather, 1987), and at the onset of longer sentences (Jayaram, 1984; 
Tomick & Bloodstein, 1976). An effect of syntactic complexity on stuttering frequency has been 
reported for adults (e.g., see Koopmans, Slis, & Rietveld, 1991) and for children (Gaines, 
Runyan, & Meyers, 1991; Logan & Conture, 1995; McLaughlin & Cullivan, 1989; Ratner & 
Sih, 1987; see also Kamiol, 1995, for a review). As already indicated, the effects of sentence 
length and syntactic complexity may have a common basis in the way they can both entail a 
more complex prosodie structure and thus effect the demands on inter-gestural coordination. 
Besides these data on stuttering frequency, there are other findings that are of interest. 
Peters et al. (1989) reported stronger differences in choice reaction time between people 
who stutter and matched control speakers for longer verbal sequences, especially in comparing 
monosyllabic versus polysyllabic words. This finding corroborated earlier findings of stronger 
group differences in verbal reaction times for more complex utterances (for a review see Peters 
et al. , 1989), and could be taken as support for the claim that people who stutter may have 
problems in the process of assembling motor plans (see also Prescott, 1988). 
However, it has to be noticed that choice reaction times in word reading tasks are not 
uniquely determined by the time demands of the motor plan assembly stage. Between the 
moment of presentation of a target word and the onset of speech, there are a number of 
information processing stages that precede and follow the motor plan assembly stage. The size 
of a word or utterance can influence the time demands in several of these different stages. For 
example, longer words can take longer to read (e.g., see Eviatar & Eran-Záidel, 1991; 
Naveh-Benjamin & Ayres, 1986; but see Rossmeissl & Theios, 1982 and Hudson & Bergman, 
1985), they can take longer before being translated from motor plan to muscle commands 
(Sternberg et al., 1978; Verwey, 1994, for a general review), and, they may also effect the 
outcome of the muscle force-adjustment substage (see chapter 3 of this thesis). At present it 
seems premature to localize group differences in choice reaction times for longer 
utterances/words in the motor plan assembly stage. Moreover, as shown by the data reported in 
the chapters 4 and 5 of this thesis, the group by word size interaction effect that was found by 
Peters et al. (1989) was not replicated, which may further question the validity of the claim that 
people who stutter have problems at this stage. 
Silent reading rate. Group differences in silent reading rates are taken as another piece of 
evidence that people who stutter have problems in assembling abstract motor plans (Postma, 
Kolk, & Povel, 1990a; Bosshardt, 1990; Bosshardt & Nandyal, 1988). The basic assumption is 
that, in silent reading compared with overt speech, subjects will only use phonological 
information (reflecting sound properties) of the words that are read, but they will not go as far to 
generate the motor commands that can be used to produce these words . Thus, group differences 
in silent reading would reflect difficulties in the generation or use of phonological information. 
This is true in the sense that while reading silently, subjects normally do not engage in activating 
the muscle effector system. However, there are indications that people can imagine performing 
motor acts in a way that can be defined as "the activation of a motor-program with blocking of 
the muscles" (Engelkamp, Zimmer, & Dennis, 1989, p. 257), which is different from visually 
imagining a movement that is performed by someone else. In support of this idea is the finding 
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of Osman, Komblum, and Meyer (1990), who showed that muscle commands (not just abstract 
motor plans) can be prepared up to the very last moment before execution without the necessity 
to really execute them. Generalizing the results from a number of studies on non-verbal motor 
acts (Engelkamp and Zimmer, 1989) to speech, one could make the following assumption. If 
subjects are explicitly instructed to imagine making the sounds without actually overtly 
producing them, as, for example, was done in the study by Postma et al. (1990a), is asking them 
to use a form of motor-imagining for speech. This seems in line with the claim that articulatory 
gestures play an important role in reading and learning to read (e.g., see Bentin, 1992; 
Liberman, Shankweiler, & Liberman, 1992; Shankweiler, Liberman, Mark, Fowler, & Fischer, 
1979; Shankweiler & Lundquist, 1993). If so, the assumption of Bosshardt (1993) that rate 
differences in silent rehearsal and overt articulation are correlated, is very plausible, since in 
both tasks subjects may use the same type of motor information, only in silent reading the 
muscles are "blocked", as it was called by Engelkamp et al. (1989). Thus, the outcomes of silent 
rate studies (Bosshardt, 1990, Bosshardt & Nandyal, 1988; Postma et al., 1990a) could be 
re-evaluated as the result of performing a motor action without using muscle activity. In this 
way silent reading is less demanding than normal speaking which does require the activation 
and control of multiple muscles in the subsystems of speech (respiration, phonation and 
articulation). This difference in motor demands might explain the findings of Postma et al. 
(1990a), showing that with increasing number of active (speech related) muscle systems (from 
none in silent speech, to a limited number in lipped speech, to many in normal speech), group 
differences in reading rate were more prominent. Or the other way round, people who stutter do 
less so in whispered or lipped speech conditions (Bruce & Adams, 1978; Perkins, Rudas, 
Johnson, & Bell, 1976) compared with normal speech. In terms of practice or stuttering 
adaptation5 it follows that the strongest effect can be expected for the most difficult situation, 
that is, when a person who stutters has to use a fully active speech motor system. There are 
findings that support this assumption (Brenner, Perkins, & Soderberg, 1972; Bruce and Adams, 
1978). From a theoretical perspective, this motor explanation for both silent and overt speech 
group differences is much simpler than assuming that, apart from phonological planning 
deficits, people who stutter also suffer from problems in motor execution (Postma et al., 1990a). 
Linguistic effects in stuttering. Above, in discussing the effect of number of units on the 
stage of motor plan assembly, the question was posed, whether an increase in stuttering for 
longer or syntactically more complex words/sentences, especially with respect to the fact that 
most stuttering occurs at word/sentence initial position, reflects a group difference in the 
phonological processes of the motor plan assembly stage (e.g., see Postma & Kolk, 1993; 
Wingate, 1988; Karniol, 1995)? The answer to this question is yes, there may be a linguistic 
factor in stuttering (cf. Duckworth, 1988; Homzie & Lindsay, 1984; Kamiol, 1995; Watson, 
Freeman, Chapman, Miller, Finitzo, Pool, & Devous, 1991; Watson et al., 1994; Wingate, 
1988). However, an increase in stuttering for linguistically more complex speech samples, does 
not necessarily mean that this is due to a problem in the motor plan assembly stage or a higher 
order linguistic stage. Linguistic variables such as sentence position, word size, and utterance 
length, not only effect these stages but they may also impose specific demands on the speech 
motor system, in particular in the control of muscle activity at the stages of muscle command 
preparation/execution (chapter 3 of this thesis, see also Panagos, Quine, & Klich, 1979). 
This effect refers to the well-known observation (hat stuttering frequency will decrease after repeated speaking 
of the same lext material (see Starkweather, 1987, for a review). 
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The improper attribution of a "linguistic" status to group differences may be illustrated by 
describing two related studies (Watson et al., 1991; Watson, Pool, Devous, Freeman, & Finitzo, 
1992), in which three different stimuli (i.e., a single vowel /a/, a single noun denoting the name 
"Oscar", and a short sentence "Oscar took Pete's cat"), were used in a simple reaction time task. 
It was argued that these three stimuli differed in terms of being either a non-linguistic (vowel), 
simple linguistic (word), or complex linguistic (sentence) response. This difference in linguistic 
complexity was expected to influence laryngeal reaction times (LRTs) in the way that longer 
LRTs were predicted for linguistically more complex utterances. However, linguistic 
complexity is not likely to be a major aspect in the task of Watson et al. (1991, 1992), where 
subjects were given ample time to prepare an utterance before executing them. In fact, a simple 
reaction time task is normally used to avoid influences that are related to higher order planning 
stages, including the motor plan assembly stage (cf. Hulstijn, 1987; Klapp, Abbott, Coffman, 
Greim, Snider, & Young, 1979; Ludlow, 1991; Sternberg et al., 1978; Verwey, 1994; Watson & 
Alfonso, 1983, 1987). Therefore, the results of simple reaction time tasks can best be explained 
in terms of the effects on muscle command preparation/execution. Watson et al. (1991) came to 
the same conclusion in stating that "motor complexity, rather than linguistic factors related to 
the production of propositional, sentential responses, contributed to increased LRT as a function 
of response complexity" (p. 95). However, because they found stronger LRT complexity effects 
for the "linguistically-impaired" stuttering subjects of their study, they stated that "motor 
complexity alone does not account for this LRT pattern as the isolated vowel and single word 
both contain only one stressed syllable and, thus [italics added], are identical in motor 
complexity" (p. 96). In this, they refer to the substage of retrieval and unpacking at the muscle 
command preparation stage (see Figure 1). However, they seem to ignore that with regard to 
muscle force adjustment, a vowel in isolation (their /a/ stimulus) and the same vowel at the 
initial position of a word or sentence (their "Oscar" and "Oscar took Pete's cat" stimuli), can 
impose different demands on the timing and amplitude of muscle activity (e.g., see McAllister, 
Lubker, & Carlson, 1974, and chapter 3 of this thesis). In sum, the observation that the 
linguistically-impaired people who stutter showed stronger response complexity effects in a 
simple reaction time task, does not mean that this effect necessarily relates to their apparent 
"linguistic problems". 
The correlation between speech errors and disfluencies. Thus far, group differences that 
may relate to the motor plan assembly stage are not without ambiguity, because, as was argued, 
these differences could also have originated at the stage of muscle command 
preparation/execution. There is another finding that relates to this issue, namely that speech rate 
has similar effects on the frequency of speech errors and disfluencies (Postma & Kolk, 1990; 
Postma, Kolk, & Povel, 1990b). Postma and Kolk (1993) argue that a higher speech rate 
"causes" more phonologically-based internal errors (cf. Butterworth, 1992; Dell & Juliano, 
1991; Meyer, 1992), and, by consequence, also more overt speech errors. At the same time, the 
increase in internal errors would provide a person who stutters more incites to use a covert 
self-repair strategy, which will increase the number of overt disfluencies6. 
Although this may seem a very plausible line of reasoning, there is a need for caution. 
What may seem a speech error at the perceptual level, that is, an error in phoneme selection, 
In the model of Postma & Kolk (1993), stuttering is the product of a covert self-repair process on internal speech 
errors. 
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may well reflect a difficulty in the timing and order of successive articulatory movements (for 
an interesting example see Hardcastle, Gibbon, & Jones, 1991, p. 57). One way to explain the 
discrepancy between acoustics and articulation is through a process of gestural aggregation (e g, 
see Liberman & Mattingly, 1985, Lofqvist, 1990) in which gestures for successive segments 
blend together at higher speech rates This can be illustrated for the two-word combination 
"perfect memory" (see Browman & Goldstein, 1987, for this example) At low speech rates, the 
three consonants surrounding the word boundary (/k/, /t/, and /m/) are clearly distinguishable 
However, at faster speech rates, the gestures for the three consonants blend together, such that 
the release for IM is still made, but acoustically the IM is masked by the rapid succession of the 
releases for the preceding /k/ and the following Imi In (sound-based) phonological theory, the 
absence of an audible /t/ would be described as the application of a phonological rule in which 
the missing phoneme was deleted from the original phonological code However, the data from 
Browman and Goldstein (1987) showed that with regard to the motor output the IM is still 
present In other words, the sound is acoustically but not productively absent This is a normal 
co-articulatory phenomenon, but for people who have problems in the timing of motor actions 
for successive speech segments, it is not hard to imagine that the timing of gestural overlap is 
fairly complicated and deviant patterns of co-articulation could easily occur (e g, see Hardcastle 
et al, 1991, ρ 57, for an interesting example) 
There is another problem with the claim that speech errors and disfluencies both relate to 
phonological encoding in the motor plan assembly stage (Postma & Kolk, 1990, Postma et al, 
1990b) If people who stutter suffer from a great number of phonologically-based speech errors 
(phonemic paraphasias), they may be considered as a kind of sub-population of aphasies (see 
also Wingate, 1988) They may even be comparable to conduction aphasies, a population in 
which phonemic paraphasias are found quite often (see Butterworth, 1992) But then, compared 
with normal speakers, persons who stutter unlike these type of aphasies, do not show a higher 
number of overt speech errors (Postma & Kolk, 1990), whereas they do show a higher number 
of speech disfluencies To solve this apparent inconsistency, Postma & Kolk (1990, 1993) claim 
that people who stutter have more internal speech errors that do not surface in overt speech 
because they are covertly self-corrected As a consequence, the number of overt disfluencies 
increases In other words, stuttering subjects would typically have a large number of internal 
speech errors which they can detect and correct more or less efficiently What results in overt 
speech is no departure from normality in terms of the frequency of speech errors, but a clear 
departure from normality in terms of disfluency as a by-product of covert self-correction 
The question to ask would be then, why would people who stutter use this "strategic 
solution", since correcting the internal speech errors obviously does not pay off in terms of 
overall fluency, or in terms of ease of speech production This seems especially true if one 
realizes that for most persons who stutter, once they are aware of their stuttering, which 
according to Kolk and Postma (1993) is the product of a self-repair process, it is accompanied 
by a lot of struggling behavior7 One could argue that speech errors are more conspicuous as 
regards their interference with speech understanding than the disfluencies that arise as a 
consequence of repeated (covert) attempts to repair them (Postma, 1991) But, this explanation 
7 
Kolk and Postma (1993) admit that this is a problem for their theory The apparently voluntary choice to correct 
for internal speech errors is also different from behaviors that people who stutter display as an involuntary 
physiological reaction to overt stuttering (e g, eye blinking), or even from learned coping behaviors that once 
(but perhaps no longer) were effective in reducing overt stuttering 
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seems at odds with the observation that in general, once they have become aware of their speech 
problem, people who stutter try almost everything to disguise and fight the stuttering. 
Inter-gestural coordination. In the final substages of motor plan assembly, the individual 
gestures have to be arranged in a specific order to generate normal speech. In discussing the 
Task Dynamic model in part 1 of this chapter, a gesture has been defined as a neuromuscular 
organization, in which a set of constraints functionally link together individual articulator 
movements for a specific movement task. This task specificity is made explicit by Browman and 
Goldstein (1989) who identify gestures as "the formation (and release) of a characteristic 
constriction within one of the relatively independent articulatory subsystems of the vocal tract 
(i.e. oral, laryngeal, velie)" (p. 201). It is possible that gestures may involve larger 
constellations, that is, across the speech subsystems of articulation, phonation, and respiration 
(Gracco, 1994), but to keep things relatively simple, in this thesis the term gestures will only be 
used for motor tasks in articulation that relate to specific vocal tract locations (e.g., lip closing, 
tongue body closing). 
Do people who stutter differ from nonstuttering subjects in the coordination of individual 
gestures as specified at the motor plan assembly stage? This may be shown in group differences 
in the relative timing of motor events (e.g., the onset of chest wall expansion) that relate to 
specific gestures in respiration, phonation, or articulation. Some evidence in support of this 
claim can be found in a study by Watson & Alfonso (1987). They showed that persons who 
stutter show a delayed onset of respiratory and phonatory events in comparison with control 
speakers. For severe-stuttering subjects, also the temporal organization of these events was 
effected, especially in a condition in which there was little time to prepare the motor system. 
Similar results are reported in chapter 4 of this thesis. In this study persons who stutter showed a 
delayed onset of respiratory, phonatory, and articulatory motor events, but the sequence of these 
events was similar to the one found for controls. In addition, it was shown that a substantial part 
of the temporal delay in these motor events originated at the onset of inspiration. The influence 
of respiration on the timing of other motor events was also noted by Watson & Alfonso (1987). 
These data may be explained in two ways. Firstly, it is possible that people who stutter 
need more time compared with nonstuttering subjects, to specify an adequate coordination 
among gestures. In that case, they would have a problem at the stage of motor plan assembly. 
Secondly, people who stutter may have no problems in specifying the right type of coordination 
between individual gestures, but there may be a delay in the motor implementation of these 
gestures at the stage of muscle command preparation/execution. In some severe cases of 
stuttering, this delay may even disturb the appropriate order of gestures as it was specified in the 
abstract motor plan. 
Further evidence that people who stutter may have problems in inter-gestural coordination, 
is provided by a study of Peters and Boves (1988). In comparing stuttering and nonstuttering 
subjects, they found more occurrences of deviant patterns of subglottal pressure build-up for 
their stuttering subjects. This finding is supposed to reflect a problem in the phasing of 
respiratory and phonatory gestures (see also Baken, McManus, & Cavallo, 1983; Yoshioka & 
Löfqvist, 1981). The same deviant subglottal patterns were also found in disfluent speech, but in 
greater numbers and of a more excessive nature (Peters, Hietkamp, & Boves, 1995). Thus, these 
findings support the claim that in terms of motor behavior, stuttering has a continuous nature, 
instead of being an "on or off' disorder (see also first section of part 2 of this chapter).. 
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There is evidence then, that people who stutter have problems in the assembly of abstract 
motor plans as regards inter-gestural coordination. However, this seems not to be a general 
finding. A study by Conture, Colton, and Gleason (1988) showed that there was no difference in 
the coordination of gestures across the sub-systems of speech because for young persons who 
stutter and their matched peers. Their data suggest that group differences in the coordination of 
gestures with adult speakers reflects coping or learned behaviors in reaction to stuttering. 
The coordination of motor events in different subsystems of speech production is also 
assumed to be reflected in the duration of voice onset time (VOT; see also Baken, 1987 for a 
general discussion of this measure). Group differences with respect to this measure have been 
reported in a number of studies (e.g., see Adams, 1987; Healey & Gutkin; 1984; Healey & 
Ramig, 1986; Hillman & Gilbert, 1977; Kalveram & Jäncke, 1989, and Adams, 1985 for a 
review), but not in others (Borden, Baer, & Kenney, 1985; Borden, Kim, & Spiegler, 1987; De 
Nil & Brutten, 1991; Jäncke, 1994; Metz, Conture, & Caruso, 1979; Viswanath & Rosenfield, 
1991; Watson & Alfonso, 1982). This lack of consistency in group differences might be 
explained by the greater variability in VOT for people who stutter compared with control 
speakers (De Nil & Brutten, 1991; Jäncke, 1994). However, the source of this variability in both 
people who stutter and control speakers can be manifold, and may not relate to problems in 
inter-gestural coordination at all (cf. Hoit, Solomon, & Hixon, 1993; Klatt, 1975). 
Finally, group differences in the timing of lip-opening and lip-closing gestures (Ford & 
Luper, 1975; Guitar, Guitar, Neilson, O'Dwyer, & Andrews, 1988), vocal fold-opening and 
closing gestures (Conture, McCall, & Brewer, 1977; Contare, Schwartz, & Brewer, 1985; 
Freeman & Ushijima, 1978; Shapiro, 1980; but see McClean, Goldsmith, & Cerf, 1984; Smith, 
1989), and, in more general, of laryngeal and articulatory gestures (Cross & Olson, 1987a; but 
see Venkatagiri, 1982) can be taken as a further indication of problems people who stutter may 
have in coordinating gestures at the stage of motor plan assembly. 
It is also with respect to inter-gestural coordination, that group differences in non-verbal 
motor behavior can be addressed. These findings stress the role of the supplementary motor area 
(SMA) as a source to explain stuttering behavior (cf. Caruso, 1991; Watson et al., 1992; 
Dembowski & Watson, 1991; Webster, 1990, 1993) because the SMA "is an excellent example 
of a brain area where mechanisms for speech overlap functionally with those for nonspeech 
motor control" (Webster, 1993, p. 78). Group differences in non-verbal motor behavior have 
been reported for adult speakers (Cooper & Allen, 1977; Cross & Luper, 1983; Greiner, 
Fitzgerald, & Cooke, 1986; Hand & Haynes, 1983; Fitzgerald, Cooke, & Greiner, 1984; 
Newman, Channel, & Palmer, 1986 ; Starkweather, Franklin, & Smigo, 1984; Webster, 1989, 
1990; Webster & Ryan, 1991; see also Starkweather, 1987, for a review). Others have failed to 
find such group differences (Borden, 1983; Hulstijn, Summers, Van Lieshout, & Peters, 1992; 
Prosek, Montgomery, Walden, & Schwartz, 1979; Reich, Till, & Goldsmith, 1981; Zelaznik, 
Smith, & Franz, 1994). Children who stutter have also been found to differ from control 
speakers in non-verbal motor behavior (Bishop, Williams, & Cooper, 1991a, 1991b8; Williams 
& Bishop, 1992), but, as with adult speakers, there are also reports of negative results (Long & 
Pindzola, 1985; Till, Reich, Dickey, & Seiber, 1983). 
In both studies however, vocal and manual reaction time data were pooled. Besides, it is unclear whether in both 
studies the same group of stuttering children was used. 
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The role of the SMA and other connected brain structures (like basal ganglia and thalamus) 
in (speech) motor control (cf. Goldberg, 1985; Gracco & Abbs, 1987; Wiesendanger, 1986) has 
also been addressed in explaining acquired stuttering (Abe, Yokoyama, & Yorifuji, 1993; Andy 
& Bhatnagar, 1991; Cipolotti, Bisiacchi, Denes, & Gallo, 1988; Rosenbek, Messeri, Collins, & 
Wertz, 1978; see also Dietrich, Barry, & Parker, 1995, for an interesting study on thalamic 
function in developmental stuttering). Although developmental and acquired stuttering can be 
quite different phenomena in both origin and behavior, the way both can relate to functions of 
SMA and connected neuro-anatomical structures in speech motor control is an interesting topic 
that needs further exploration (e.g., see Meyers & Atkinson, 1991; Rosenbek, 1985; Rosenbek et 
al., 1978; Rosenfield, Viswanath, Callis-Landrum, DiDanato, & Nudelman, 1991). This may 
also help to clarify the meaning of similarities and differences between stuttering and motor 
control deficiencies in dysarthric speech (see Ludlow, 1991) 
In sum, there is evidence that stuttering and nonstuttering subjects differ in the 
coordination of gestures. However, as already mentioned, it has to be noticed that delays that are 
found in the timing (or phasing9) of gestures during their execution may be explained in two 
ways. Either, they reflect an inappropriate gestural specification which relates to the motor plan 
assembly stage, or, they reflect a problem in the motor implementation of an appropriate 
abstract motor plan at the stage of muscle command preparation/execution. 
Group differences that may relate to the muscle command preparation/execution stages 
In this paragraph, findings on differences between stuttering and nonstuttering subjects will 
be discussed that may relate to the stages of muscle command preparation and execution. In this 
respect the focus will be on inter-articulator coordination, movement initiation, muscle force 
control, and muscle command execution. 
Inter-articulator coordination. Once the gestures have been specified at the stage of 
motor plan assembly, the muscle command preparation stage is used to create a muscle specific 
implementation of the coordination between the individual articulators that are tied within a 
gestural constraint (Saltzman & Munhall, 1989; Saltzman, 1991). What evidence exists that 
people who stutter have problems in the relative timing and sequencing of articulators that 
together form a coordinative structure (gesture)? 
One piece of evidence comes from Caruso, Abbs, and Gracco (1988). They reported group 
differences in the relative timing and sequencing of individual articulators (see also Alfonso, 
1991, and Zimmermann, 1980a, 1980b). Caruso et al. found more variable sequence patterns 
and shorter intervals for people who stutter compared with matched control speakers, for 
movement onsets and peak velocities of lips and jaw in a lip closing gesture. Later studies, 
however, failed to replicate this finding (De Nil, 1994, 1995; De Nil & Abbs, 1991a; McClean, 
Kroll, & Loftus, 1990; see also Gracco, 1994). It was shown that especially normal speakers 
showed more variable sequencing and relative timing patterns than was expected on basis of 
previous data (Caruso et al., 1988; Gracco & Abbs, 1986). This lack of finding stable sequence 
In Task Dynamics (Saltzman & Munhall, 1989) phasing is preferred to timing, which is considered to be an 
emergent factor, and thus, not an aspect of motor control. 
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patterns was explained by assuming that they can be influenced by a number of factors, 
including phonetic context (De Nil, 1995), speech rate (De Nil & Abbs, 1991a), therapy history 
(Story & Alfonso, 1989), and the type of gesture itself (Gracco, 1988, 1994). Moreover, 
inconsistencies in relative timing and sequencing could also arise due to the method by which 
the sequence data are extracted (Van Lieshout, Alfonso, Hulstijn, & Peters, 1993). In chapter 6 
of this thesis, it is shown that people who stutter are not different from nonstuttering subjects in 
the sequencing of movement onsets, but they did show differences in the relative timing and 
sequencing of movement peak velocities. Apart from these kinematic data on group differences 
in timing and sequencing, there are also data on the timing of EMG activity of upper lip and 
lower lip. They include group differences with respect to the onset of EMG activity (Aimé & 
McAllister, 1987; chapter 4 of this thesis) and the timing of EMG peak amplitudes (Hulstijn et 
al., 1992; chapters 2 and 5 of this thesis; see also Hulstijn, Van Lieshout, & Peters, 1991). 
The significance of relative timing and sequencing data is still a matter of debate, because 
they are not simply related to one single factor (e.g., see Alfonso, 1991; Alfonso & Van 
Lieshout, 1995; Gracco, 1994). Rather, the temporal (and spatial) aspects of articulatory 
movement patterns reflect the combined influences of task specific gestural constraints, 
(preferred) muscle command parameter settings, sensorimotor processing to adjust muscle 
command parameters during execution, and, biomechanica! characteristics of individual 
articulators (see also Gracco, 1988; 1994; and part 1 of this chapter). Speech disorders may 
differ in the relevance of each of these influences on movement execution (Gracco, 1991). For 
example, patients with Parkinson's disease might suffer from deficits that "reflect a generalized 
reduction in the ability to scale muscle actions to the specific speech movement requirements" 
(Gracco, 1991, p. 70). In chapter 6 of this thesis it is suggested, that the larger time intervals 
between peak velocities of lips and jaw that were found for a small group of stuttering subjects 
may reflect a control strategy (see part 1 of this chapter) by which the setting of muscle force 
parameters depends on a more extensive use of proprioceptive information. Of course, 
alternative interpretations of the group differences in relative timing, for example, in terms of 
differences in gestural constraints on motor degrees of freedom, can not be excluded. 
Movement initiation. There are a number of (simple reaction time) studies, in which 
people who stutter were found to be slower than control speakers in the initiation of speech or 
voice (Bakker & Brutten, 1989, 1990; Cross & Olson, 1987a; Dembowski & Watson, 1991; 
Healey & Gutkin, 1984; Horii, 1984; Peters et al., 1989; Starkweather et al., 1984; Watson & 
Alfonso, 1983, 1987; Watson et al., 1991 ; Watson et al., 1992; and Adams, 1985, for a review of 
earlier findings). Other studies reported no significant group differences (Cross & Olson, 1987b; 
Ferrand, 1991; Ferrand, Gilbert, & Blood, 1991; Lees, 1988; McFarlane & Shipley, 1981). 
There are also studies in which children who stutter were found to differ from nonstuttering 
peers in the initiation of speech (Bishop et al., 1991a,b; Cross & Luper, 1983; McKnight & 
Cullinan, 1987; Till et al., 1983; but see also review by Conture, 1991). 
In addition to these global reaction time measures, there are data on delays in the initiation 
of specific motor events in the respiratory, phonatory, and/or articulatory domain (e.g., see 
Caruso, Gracco, & Abbs, 1987; McFarlane & Prins, 1978; Peters et al., 1989; Watson & 
Alfonso, 1987; chapters 4 and 5 of this thesis). These data suggest that, when people who stutter 
are urged to initiate speech movements as fast as possible, they are much slower than 
nonstuttering subjects, unless they have been given sufficient time or specific instructions to 
prepare their motor system (Watson & Alfonso, 1987; chapter 5 of this thesis). For very 
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severe-stuttering subjects, it was found that even if they had ample preparation time, they still 
had problems in initiating speech motor activity at a rate that was comparable to nonstuttering 
subjects (Watson & Alfonso, 1987). It has been suggested, that such delays indicate a problem 
for people who stutter to overcome the inertia of the effector system (e.g., see Watson & 
Alfonso, 1987). An alternative explanation, however, is that people who do and who do not 
stutter differ in their preferred type of motor control strategy, that is, in the way they set their 
muscle force parameters to control movement speed (see next paragraph, and also parts 1 and 3 
of this chapter). 
Muscle force control. Specific indications of group differences in muscle force control, as 
measured by EMG activity, can be found in data on the amplitude of muscle activity (Fibiger, 
1977; Freeman & Ushijima, 1978; Kalotkin, Manschreck, & O'Brien, 1979; Murray, Empson, 
& Weaver, 1987; Shapiro, 1980; and also chapter 2 of this thesis; but see Caruso et al., 1987; 
McClean et al., 1984; Smith, 1989; Smith, Denny, & Wood, 1991 for negative results), the 
duration of EMG activity (Aimé & McAllister, 1987; Guitar et al., 1988; Peters et al., 1989; and 
chapter 2 of this thesis), and in the presence of irregularities (tremor) in EMG activity of (some) 
people who stutter (Kelly et al., 1995; McClean et al., 1984; Smith, 1989; Smith et al., 1991). 
Group differences in perioral reflexes were not found (McClean, 1987; Smith & Luschei, 1983), 
although is has been suggested that brainstem reflexes can alter the gain of the input to muscles 
in people who stutter (cf. Wyke, 1970; Zimmermann, 1980c). In general, these data are taken as 
support for the claim that persons who stutter may have a problem in controlling muscle force 
(e.g., see Starkweather, 1995). However, as suggested in this thesis, especially the group 
differences in the timing of muscle force can also be taken as evidence for a group difference in 
motor control strategy (chapters 4 and 5). That is, people who do and who do not stutter might 
differ in their preferred setting of muscle force parameters as related to the control of individual 
movement characteristics, in particular movement speed. This point will be discussed in more 
detail in part 3 of this chapter. 
Muscle command execution. When muscle commands are prepared they can be executed. 
Group differences in execution time are assumed to be reflected in slower speech rates and 
longer speech segment durations for people who stutter (Adams, 1987 [with children]; Borden, 
1983; Borden et al., 1987; Healey & Ramig, 1986; McMillian & Pindzola, 1986; Pindzola, 
1987; Postma et al., 1990a; Schäfersküpper & Dames, 1987; Starkweather & Meyers, 1979; 
Zimmermann, 1980a; and chapter 4 of this thesis). At the level of kinematics, stuttering subjects 
have been found to differ from controls in movement durations, movement amplitudes and 
movement velocities (Caruso et al., 1987; De Nil & Abbs, 1991a; Klich & May, 1982; McClean 
et al., 1990; McClean, Levandowski, & Cord, 1994; Zimmermann, 1980a; and Alfonso, 1991, 
for a review). They also were found to differ in movement variability (Jäncke, 1994; Janssen & 
Wieneke, 1987; Janssen, Wieneke, & Vaane, 1983; McClean et al., 1994; Wieneke & Janssen, 
1987). Although the findings were not always consistent, there are clear suggestions that people 
who stutter speak at a slower rate or move at a lower speed than control speakers, and, in 
addition, they may be more (or sometimes less) variable in motor output behavior. 
Group differences that may relate to the processing of feedback 
Feedback can be a major source of information in the control and coordination of 
movements or gestures (cf. De Nil, 1994; Gracco, 1988, 1994; Gracco & Abbs, 1987; 
Johansson, Trulsson, Olsson, & Abbs, 1988; Saltzman & Munhall, 1989; Smith, 1992b; see also 
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Haggard, 1992; Neilson, Neilson, & O'Dwyer, 1992, for a more general discussion on the 
influence of sensory sources on movement coordination), although its influence has been 
challenged in the past (cf. Borden, 1979). In general, the type of feedback that is considered to 
be the most relevant, also with respect to stuttering, is proprioceptive or kinesthetic feedback (cf. 
Gracco & Abbs, 1987; De Nil, 1994). It is also claimed that stuttering involves a problem in 
auditory feedback (e.g., see Harrington, 1988; Howell & Powell, 1984; and Wingate, 1970, for a 
review), which may create problems in monitoring speech output, although this idea has been 
challenged by the findings of Postma and Kolk (1992). The role of auditory feedback in 
stuttering is mainly derived from the positive effect of delayed auditory feedback (DAF) on 
stuttering frequency (for reviews see Starkweather, 1987; Wingate, 1970). Although is has been 
suggested that such an effect is based on a general slowing down of speech rate (Wingate, 1970; 
Wingate, 1976), recent work by Hargrave, Kalinowski, Stuart, Armson, and Jones (1994), 
following up on earlier work by Howell and colleagues (e.g., see Howell, Powell, & Khan, 
1983; Howell, El-Yaniv, & Powell, 1987), has shown that speech rate as such is not the most 
critical factor to explain effects of either DAF or frequency altered feedback (FAF). Other motor 
aspects, however, may still be relevant in explaining the effects of DAF or FAF. For example, in 
a study by Stager & Ludlow (1993) it was shown that for normal speakers, fluency enhancing 
conditions, including DAF, choral reading, metronome pacing, and masking noise, had clear 
effects on temporal and spatial aspects of speech motor production (see also Porden, Dormán, 
Freeman, & Raphael, 1977; Brayton & Conture, 1978; Starkweather, 1995; Wingate, 1969, 
1970). Moreover, Stager and Ludlow (1993) showed that "increases in vowel duration may 
occur without changes in speech rate" (p. 251). Speech intensity (Wingate, 1969, 1970) in 
relation to respiratory muscle force (Stager & Ludlow, 1993) is another variable that can be of 
interest in order to explain the effects of DAF and FAF, especially since it was not explicitly 
controlled in the study by Hargrave et al. (1994). Unfortunately, there is still very little 
information on the changes in speech motor behavior under fluency enhancement conditions, 
and, therefore, it deserves to become a topic in future speech motor research (cf. Armson & 
Kalinowski, 1994). 
Despite its apparent relevance, there is a clear lack of data and (thus) understanding of 
sensory contributions to speech motor control (cf. De Nil, 1994; Gracco, 1991). The few studies 
that have been done in this area, suggest that stuttering and nonstuttering persons may differ in 
the use of proprioceptive feedback in motor control (cf. De Nil, 1994; Kalveram, 1993; Neilson 
& Neilson, 1987). In a recent study (De Nil & Abbs, 1991b), it was found that "when the 
subjects had to rely on kinaesthetic information to access the extent of their movements, the 
people who stutter showed poorer oral movement resolution compared with the normal 
speakers" (p. 2152). This finding suggests that people who stutter have problems in their 
(subconscious) evaluation of sensory information (see also Neilson & Neilson, 1987). 
In retrospect 
What can be concluded from this review on group differences in different aspects of 
speech motor production? First, as trivial as this statement may be, stuttering is a complex 
phenomenon where simple symptom-cause relationships do not apply (see also Smith, 1990a, 
1990b). This is most apparent for the findings that are often claimed to be related to the stage of 
motor plan assembly, but for which it was argued that many of them could also have originated 
at the stages of muscle command preparation/execution. It is also important to notice that in 
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speech (as in other motor tasks) parallel processing at different stages can occur for successive 
units, which may effect, for example, speech (segment) durations (cf. Abbeduto, 1985; Klapp & 
Wyatt, 1976; see also Verwey, 1994, for a general discussion of this topic). Therefore, the 
assignment of group differences to specific stages in speech (motor) production, must be 
considered as a somewhat subjective enterprise. However, this review does learn that it is very 
difficult to separate higher order (linguistic/cognitive) effects from lower order (motor) 
influences, in particular with respect to the use of global measures like acoustic reaction times, 
speech rate, speech segment durations, and stuttering frequency. 
A second observation that can be made is the fact that Van Riper's (1990) claim about the 
relevance of timing in the speech motor behavior of people who stutter finds by and large 
support in the data of studies reviewed here. This timing aspect has a long history and can be 
traced in a number of papers that have been written to explain stuttering (e.g., Caruso, 1991; 
Kent, 1985; MacKay & MacDonald, 1985; Nudelman, Herbrich, Hoyt, & Rosenfield, 1989; 
Postma & Kolk, 1993; Van Riper, 198210 to name just a few). But how can timing differences 
between people who do and who do not stutter be explained? 
As a first hypothesis (A), it can be assumed that group differences in timing have a causal 
relationship to the disorder, that is, they are a direct consequence of an underlying (motor) 
impairment for people who stutter. As such they can be characterized as "negative signs" (cf. 
McClean, 1990). A second hypothesis (B) would state that group differences in timing reflect 
the use of a motor control strategy in order to compensate for or to avoid the occurrence of 
negative effects of an (as yet) unknown impairment at some stage in speech production. In this 
view, group differences in timing can be characterized as "compensatory signs" (cf. McClean, 
1990). In the third hypothesis (C), group differences in timing do not indicate a disorder in 
stuttering at all, neither in terms of negative nor compensatory signs. They "simply" reflect a 
group difference in motor control strategy that adheres to a certain level in normal speech motor 
skill, assuming that, like for almost all motor tasks, there is a large continuum on which people 
can differ in their proficiency to perform speech motor tasks. None of these three options can be 
safely ruled out on the basis of our present understanding of the complexities in speech motor 
control. However, as already mentioned in part 1 of this chapter, in light of the fact that most of 
the research that is presented in this chapter and throughout this thesis is conducted with adult 
speakers who have been dealing with their stuttering almost their entire life, it seems necessary 
to first identify possible group differences in motor control strategy (option В or C), before 
associating group differences directly with specific impairments (see also Smith, 1990a,1990b). 
Part3 
Summary of the research findings as presented in this thesis, conclusions, and future topics 
of interest 
In the final part of this chapter, the main findings of the studies that are reported in the 
following chapters of this thesis will be summarized. Some were already mentioned briefly in 
While mentioning Van Riper, it has to be noticed that the first edition of Van Riper's 1982 book, published in 
1971, was a major impetus for the speech motor approach in stuttering (I like to thank Prof.dr. Ed Conture for 
bringing this historical fact to my attention). 
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part 2. The basic goal of these studies was to provide data that would enable to differentiate 
more clearly between stuttering and nonstuttering subjects in relation to the aforementioned 
three main stages in speech (motor) production. This goal is most clearly expressed by the title 
of chapter 5 "From planning to articulation in speech production: What differentiates a person 
who stutters from a person who does not stutter?". It is argued that the group differences that 
were found in these studies are probably better understood in terms of differences in motor 
control strategy than in terms of negative signs that directly relate to an impairment. However, 
reaction time paradigms can only provide limited evidence for the use of such strategies. 
Therefore, I will end part 3 by briefly describing a new approach, not further addressed in this 
thesis, in which the use of motor control strategies can be investigated in more detail. 
Summary of the research presented in this thesis 
A important starting point for the research described in this thesis can be found in the data 
of the study by Peters et al. (1989). They found a significant interaction between group and 
word size effects, with people who stutter showing a stronger increase in reaction time for 
longer words. As a general conclusion, the authors stated that "these findings suggest that 
stutterers have difficulty in programming the motor commands for producing speech" (p. 679), 
which in terms of the model described in part 2, could refer to the motor plan assembly stage 
(but for different interpretations see the discussion of these data in part 2 under the heading 
"number of units"). Apart from group differences in acoustic reaction times, Peters et al. (1989) 
also found group differences that could be (more directly) related to the stages of muscle 
command preparation/execution. To obtain a better understanding of the relevance of these 
stages in speech (motor) production five studies were performed that are described in detail in 
this thesis. In the first study, amplitude and time dimensions of lip muscle activity were 
investigated (chapter 2). In the second study, the influence of linguistic variables on upper and 
lower lip muscle activity in lip rounding gestures was investigated (chapter 3). In the third study, 
word size effects in word reading and picture naming were investigated (chapter 4). In the fourth 
study, word size effects in word reading, recognition and symbol naming were investigated 
(chapter 5). Finally, in the fifth study, the relative timing and sequencing of upper lip, lower lip, 
and jaw movements was investigated (chapter 6), using a recent technique in articulatory 
movement recording, the electro-magnetic midsagittal articulograph (EMMA), which is 
described in more detail in the first part of chapter 6. 
The study described in chapter 2 focuses on apparent group differences in muscle activity 
with respect to the relationship between EMG activity levels and EMG durations. To this end, 
lower lip EMG was measured during lip rounding gestures in a group of persons who stutter and 
matched controls. Results indicated that people who stutter compared with control speakers, had 
significantly higher EMG levels at the moment of speech onset and during speech production. 
This was a replication of earlier findings on group differences in muscle activity. However, a 
much stronger group difference was found for the timing of EMG peak amplitude ( = EMG peak 
latency) which was not correlated with EMG amplitude. This finding could suggest a timing 
disorder in movement coordination in people who stutter. However, recent models on motor 
I would like to remind the reader, that all data that are mentioned here, refer to perceptually fluent speech of both 
people who stutter and control speakers. 
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control (Gottlieb, Coreos, & Agarwal, 1989) suggest an alternative explanation of these data. 
The group difference in EMG peak latency may be explained by a different motor control 
strategy for people who do and who do not stutter. Such strategies can be described in terms of 
the preferred settings of muscle force parameters to control movement speed. 
In chapter 3, linguistic influences on motor control in normal speakers was addressed. In 
this study, changes in upper lip and lower lip integrated (I)EMG amplitude and temporal 
measures were investigated as a function of sentence word position, word size, and sentence 
length. These variables are well-known for their influence on stuttering. It was hypothesized that 
the production of stressed, vowel-rounding gestures in words at the initial position of a sentence, 
in longer words, and in words at the onset of longer sentences would involve higher demands on 
speech motor control compared with words in final position, in shorter words, and in words at 
the onset of a shorter sentence. Lip rounding gestures in sentence initial position and in longer 
words (at sentence final position) were made with more articulatory effort as indicated by higher 
ŒMG levels. For the sentence length condition, reduced IEMG levels were found. This latter 
finding suggests the use of a movement reduction strategy to allow higher speech rates with 
increased coarticulation. In general, the results of this study indicate a clear relationship between 
linguistic variables and demands on motor control. It is argued that linguistic complexity may 
force subjects, in particular those who stutter, to find solutions to control their speech 
movements in a way that enables them to remain fluent. 
In chapter 4, a choice-reaction time experiment is described, in which a group of subjects 
who stutter and matched control speakers were asked to speak aloud monosyllabic and 
polysyllabic words either reading them from print, or naming them as as a learned label for a 
designated picture. In addition to choice reaction times, word durations and a number of selected 
temporal variables in the respiratory, phonatory, and articulatory domain were measured. The 
main goal of this study was to differentiate between group differences that may relate to the 
motor plan assembly stage and group differences that may relate to the stages of muscle 
command preparation/execution. The results showed that in spite of a general delay for the 
stuttering subjects in speech reaction times, there was no interaction with word size. This 
finding was not in support of the claim that people who stutter differ from nonstuttering subjects 
in processing capacities at the motor plan assembly stage. With respect to execution, the 
subjects who stutter showed longer word durations. There was also a group by word size 
interaction effect for this measure. In the relative timing of motor events, the stuttering subjects 
compared with their controls, showed a longer delay in the onset of upper lip IEMG and thoracal 
compression. In addition, both groups demonstrated a different order in the onset of upper lip 
and lower lip IEMG onset. These findings were taken to suggest that people who stutter 
compared with matched controls, may use different motor control strategies to compensate for 
an (yet) unknown impairment or as a reflection of a limited speech motor skill. In this study a 
stronger group difference in speech reaction time was found for the picture naming task 
compared with the word reading task. This task effect was most likely related to group 
differences in the initiation of inspiration. However, it could not be excluded that this finding 
may also be related to a group difference in higher order processing of the stimulus material (see 
also Van Lieshout, Hulstijn, & Peters, 1991). 
In chapter S a study is described that was carried out to replicate the findings presented in 
chapter 4, and to further differentiate between group differences that relate to the motor plan 
assembly stage and the stages of muscle command preparation/execution. As in the experiment 
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described in chapter 4, word size was the main factor of interest. Besides a word reading task, a 
symbol naming task was used. In this task, subjects had to build (elaborate) memory 
associations between abstract nonsense line patterns and real words. Claims in the literature 
about group differences in the building and/or retrieval of these memory representations were 
addressed in a recognition task. The main results did not reveal group differences in speech 
reaction time, or speech durations, or recognition performance. There was no interaction 
between group and word size effects for any of these measures. These findings do not show 
evidence ihat people who stutter differed from control speakers in the memory encoding and 
retrieval of symbol-word combinations. Similar to the data described in chapter 4, there was no 
indication to support the hypothesis that people who stutter have problems in assembling motor 
plans for speech. In contrast to the negative findings in this experiment mentioned thus far, 
people who stutter compared to control speakers showed a significant delay in the interval 
between (upper- and lower lip) IEMG onset and IEMG peak amplitude (= IEMG peak latency) 
in word reading and symbol naming. This Finding corroborated the data from the study 
described in chapter 2, where people who stutter also showed longer lower lip IEMG peak 
latencies compared to nonstuttering subjects. In chapter 2, this effect was interpreted as a 
reflection of a group difference in motor control strategy. However, an alternative interpretation, 
suggesting that people who stutter suffer from an impairment in the neuro-muscular timing of 
speech movements, could not be ruled out. In chapter 5 some arguments are discussed that could 
indicate that the latter interpretation of the group effect in IEMG peak latency is less likely. 
Further indications that stuttering and nonstuttering persons may use different motor 
control strategies are found in the experiment described in chapter 6 of this thesis. The first part 
of this chapter provides a description of a recent technical development in articulo-motor 
research, the Electro-Magnetic Midsagittal Articulography (EMMA). In the second part, the 
EMMA technique is illustrated in an experiment in which kinematic data of upper lip, lower lip, 
and jaw were collected for a small group of persons who stutter and matched controls. The 
stimuli were real words which were embedded in a frame sentence: "Zij zei [target word] 
alweer" (she said [target word] again). The results showed no group differences in the onset of 
movements. Significant group differences were obtained for the intervals between the temporal 
locations of peak velocities for lips and jaw in lip-closing gestures. These group effects showed 
a close temporal synchronization of the peak velocities of lips and jaw for the control speakers, 
whereas for the persons who stutter there was a clear and consistent temporal delay in peak 
velocity timing. This finding was explained in relationship to a possible group difference in 
verbal motor skill and how this might effect the need to exploit proprioceptive sensory 
information to control speech movement sequences. 
In sum, the findings discussed in chapters 2 to 6, do not support the claim that people who 
do and who do not stutter differ in their capacity to assemble motor plans for speech production. 
Rather, the group differences that were found seem to originate at the stages of muscle 
command preparation and execution. Although these group differences may result from a 
specific deficit in the timing of muscle commands (see option A at the end of part 2), as was 
suggested by, for example, MacKay and MacDonald (1985), it is argued in this thesis that they 
are probably better understood in terms of group differences in motor control strategy associated 
with the preferred way of specifying muscle force parameters. This group difference in motor 
control strategy could reflect a (subconscious) compensation or adaptation to an impairment at 
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some stage in speech (motor) production (see option B, mentioned at the end of part 2). As for 
the first option (neuro-muscular timing disorder), the nature, or even the very existence of this 
impairment is still a matter of speculation. For example, people who stutter may have problems 
in controlling muscle activity (Starkweather, 1995; Zimmermann, 1980c), which may be 
counteracted by slowing down the rise time of EMG amplitude in prolonging EMG peak 
latencies. Other possibilities have been suggested. People who stutter may have developed less 
efficient motor schemes in terms of coordinative structures (e.g., Saltzman, 1991; Kelly et al., 
1995); or, they may have an inherent unstable motor control system as related to the SMA (e.g., 
Webster, 1990, 1993; Watson et al., 1992); or, they may have failed in low-level sensory-motor 
learning (Kalveram, 1993; McClean et al., 1994); or, they may have deficits in their 
sensory-motor integration capacities (Neilson & Neilson, 1987, 1991). Needless to say that this 
list can be expanded to great length, including impairments in cognitive/linguistic stages of 
speech production. In such cases, delays at the stages of muscle command preparation/execution 
stage would function as a compensatory motor control strategy to provide a speaker sufficient 
time to successfully complete the processing at these earlier stages and to prevent the occurrence 
of disfluencies. This type of explanation can be compared with the "covert repair" hypothesis 
(Postma & Kolk, 1993), in which it is claimed that stuttering itself is an adaptation to an 
underlying impairment in the substage of creating a phonological code (see Figure 1). 
On the other hand, it is also possible that the motor behavior of people who stutter relates 
in more general to motor control strategies that reflect unskilled (but not impaired) motor 
behavior (option С at end of part 2). In unskilled motor behavior (cf. Mulder & Hulstijn, 1985, 
for an example), sensory feedback plays a much more dominant role in the specification of 
muscle commands than in skilled motor behavior (see also Schmidt, 1988, for a more general 
discussion of this topic). However, using a predominantly feedback driven, and thus less 
automated type of control strategy, has the disadvantage that it takes more time to complete the 
motor act (cf. Adams, Weismer, & Kent, 1993). This could explain why people who stutter are 
often delayed in their time to initiate and execute a motor command, especially when it is a 
more complex command. Practice on the same stimuli will help to improve the overall 
performance in creating a better knowledge on how to integrate the sensorimotor information 
(cf. Zimmermann & Hanley, 1983), and as such may underlie the adaptation effect in stuttering 
(see also part 2 under heading "silent reading rate"). In terms of a continuum of verbal motor 
proficiency on which individual performances can be mapped, persons who stutter may be 
positioned at the "well below average "part of the scale. As such, they could be compared with 
individuals who are a the low end of a continuum of writing motor proficiency or any other 
motor task. For example, in a study by Smits-Engelsman, Van Galen, and Portier (1994) it was 
suggested that good and poor handwriting in normal children is closely related to differences in 
the proficiency to adjust the neuromuscular system. Such differences refer to the stages of 
muscle command preparation/execution (Figure 1). However, there is an important difference 
between speech and other motor tasks that has to be noticed. If one has poor writing motor 
skills, one can leam to avoid writing tasks by either using a oral mode of communication or, at 
later ages, by using a more easy to handle writing device like a typewriter or a computer 
keyboard. Someone who knows that he is not a gifted volleyball player (in terms of motor skill) 
simply avoids situations in which he would be forced to play the game. However, a young child 
who is not gifted in terms of speech motor control will have a very hard time to avoid the 
frustrating confrontations with his lack of verbal motor skill. As a result he may develop all sorts 
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of coping behavior that is so well-known to characterize the adult who stutters. Of course, even 
if a person who stutters needs to rely on different (less efficient) motor control strategies, he will 
be able to deal with most speaking situations. Only in situations in which the demands on speech 
motor skill are high, he runs a greater risk of losing control. 
It is not clear why a person who stutters shows a rather low level in verbal motor skill. 
Similar between-subject differences in motor skill can also be found in other areas like sports. It 
is striking that it is often (implicitly) assumed that verbal motor skill is about the same for all 
normal speakers. Based on this assumption, clear deviations from what is considered to be 
normal are easily attributed to a deficit. However, it is possible that the "normal" ranges in 
speech motor skill, especially towards the lower end of the continuum, are much broader than 
expected. In a way, an explanation of stuttering in terms of individual differences in speech 
motor skill also fits more recent models that emphasize the multi-factorial nature of the disorder 
(Adams, 1990; Smith, 1990a, 1990b; Starkweather & Gottwald, 1990). In such models 
disfluency is explained in terms of a discrepancy between the child's capacities (e.g., in terms of 
motor skill) and the demands that are imposed in the production of fluent speech. 
Which of the three accounts has the most promising future remains to be seen. Of course, 
the existence of group differences in EMG peak latencies is not assumed to be restricted to only 
the lip muscles. They may also be found in other muscle systems involved in speech production. 
As such, these delays most likely form the origin of many (simple and choice) reaction time 
differences between people who do and who do not stutter that have been reported in literature 
(see part 2 of this chapter). Unfortunately, reaction time paradigms are limited in their use to 
explore motor control strategies. Therefore, a different line of research that is meant to 
follow-up on the research as reported in this thesis, is briefly described in the next section. 
An experimental approach using EMMA to explore motor control strategies 
In this approach, a paradigm is used in which subjects are asked to increase their 
movement speed or, in case of speech utterances, their speech rate, continuously in a more or 
less natural way, starting at a rate that is slightly below their normal preferred speed/rate. In 
doing so, they have to repeat different types of stimuli varying from simple mono-articulator 
movements to more complex mono- and polysyllabic sequences. Using kinematic data from 
lips, jaw, and tongue, the coordination or coupling between articulators as expressed in their 
phase relationship (cf. Tuller & Kelso, 1990) can be studied at selected points in time (e.g., at 
peak closing velocity). However, to reveal moment to moment variations in the stability of the 
coupling behavior the approach described in this section uses a quasi-continuous estimate of 
relative phase (see also Heuer, 1993; Scholz & Kelso, 1989). The stability of a coupling is 
related to movement and task complexity demands, and therefore, to the way these demands can 
be handled given a specific motor control strategy. To illustrate how this approach might shed 
some light on differences in motor control between people who do and who do not stutter, some 
preliminary data of a normal speaker without speech or language problems are presented. 
In Figure 2, kinematic data (position and velocity) of two different gestures (lip closing and 
tongue body constriction) are presented for a normal speaker repeating at a slow to normal rate 
two different VCV-sequences, /api/ and /ipa/ respectively. 
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FIGURE 2. Displacement (in mm) and velocity (in cm/s) signals of the combined action of lips and jaw for lip 
closure and the combined action of tongue body and jaw for tongue body constriction, as well as the 
continuous relative phase signal for a sample of repeated /api/ (left) and /ipa/ (right) sequences at a relatively 
slow speech rate. As a reference, the acoustic waveform (audio) for both types of sequences is displayed at 
the bottom (see text for more details). 
The gesture called lip closure consists of the combined action of upper lip, lower lip and 
jaw for /p/. The upward movement indicates the opening of the lips and the downward 
movement indicates the closing of the lips. The second gesture, called tongue body constriction, 
shows the combined action of the tongue body and jaw for the /i/ and /a/ vowels. The upward 
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movement indicates the rising of the tongue body and the downward movement indicates the 
lowering of the tongue body. In other words, the first gesture denotes a consonant and the 
second a vowel gesture. In addition to position and velocity signals, the continuous phase 
relationship (relative phase) between both gestures (cf. Heuer, 1993), as well as the acoustic 
signal are shown. 
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FIGURE 3. As in Figure 2, but now for a relatively fast speech rate (see text for more details). 
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Notice the regular and quasi-periodic pattern in the relative phase signal. An example of a 
period is demarcated in the figure by two dark vertical lines indicating the onset and offset of a 
syllabic sequence as determined by the tongue body position for the first vowel (i.e., low for /a/ 
and high for /if). The dotted arrows in the figure show the relative phase values at the temporal 
location of successive peak closing velocities for the lip gesture. This value remains more or less 
constant for both the /api/ and /ipa/ sequences (cf. Alfonso, 1991 ; Saltzman & Munhall, 1989). 
Figure 3 shows what happens when the same sequences are spoken at faster rates. In 
performing these tasks the subject had much more problems repeating /ipa/ than /api/ at high 
speech rates. In the kinematic data it can be seen that at a certain point in time, indicated by the 
ellipse in Figure 3, the tongue body seems to fail to meet the required speed specifications. This 
moment of breakdown in fluency is also shown in the relative phase value at lip peak closing 
velocity (compare the third and fourth dotted arrow from the left in /ipa/). Almost instantly, the 
subject tries to re-establish the original phase relationship (compare the fourth and fifth dotted 
arrow from the left in /ipa/). 
At the moment it is unclear why the subject has more problems in repeating /ipa/ at faster 
rates compared with /api/. Coefficients of variation for successive 100 msec intervals of the 
relative phase signal that can be used to measure the stability of the coupling show a clear 
difference for the two sequences. The phase coupling between lip closure gestures and tongue 
body constriction gestures was less stable for the /ipa/ sequence, which might relate to 
anatomical/physiological constraints on movement directions12. 
If this paradigm is used with people who stutter, there are a number of relevant issues that 
can be addressed. For example, do persons who stutter show the same type of coupling behavior 
as normal speakers? Will they become disfluent at much lower rates than controls? Are their 
disfluencies comparable to the disfiuencies shown by nonstuttering subjects in terms of their 
effect on the relative phase signal? Of course, this is just a small selection of questions that can 
be asked, but it serves to illustrate the potential power of this paradigm to reveal critical 
parameters by which group differences in speech motor control strategies and skills can be 
evaluated. For example, if people who stutter use a feedback driven motor control strategy the 
increase in both movement complexity and movement speed could reveal the limitations of this 
type of strategy in its capacity to maintain a stable coupling between articulatory movement 
sequences. 
Part 4 
General conclusions 
To reiterate what was said at the end of part 2 of this chapter, stuttering is a complex 
disorder, where numerous (mostly) unknown variables influence the verbal output behavior of 
the individual speaker. In this thesis a systematic investigation into different motor aspects of 
speech production is presented, using the perceptually fluent speech of people who stutter and 
nonstuttering speakers as a reference. In this first chapter, the relevance of a motor approach to 
stuttering is discussed from a theoretical point of view, as well as from the existence of a large 
body of data, including the data that are presented in this thesis, in which people who do and 
\i 
I would like to thank Prof. Dr. Peter Alfonso for bringing this potential explanation to my attention. 
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who do not stutter are found to differ in various aspects of (speech) motor behavior. In the 
discussion of these data a reference was made to a global model of speech (motor) production 
by making a distinction between three main stages in speech motor production, that is, the stage 
of motor plan assembly and the stages of muscle command preparation and execution. The data 
from the experiments reported in this thesis seem to indicate that the latter two stages are of 
particular interest in explaining group differences in speech motor behavior. 
Such group differences could be explained as a direct consequence of some underlying 
(motor) impairment, but two alternative explanations were offered. One suggested that people 
who stutter compared with people who do not stutter, use a different motor control strategy to 
adapt to or compensate for an (yet unknown) impairment. The other also suggested that persons 
who stutter use a different motor control strategy, but not because they have an underlying 
impairment, but simply because they are at the lower end of the normal speech motor skill 
continuum. As such they may need to rely more (or in a different manner) on proprioceptive 
feedback in the control of speech movements. Although none of the three explanations can be 
ruled out on basis of the data from this thesis or in more general from the data that were 
summarized in part 2 of this chapter, it is the "verbal motor skill" option that is favored in this 
thesis, because it focuses on a large variety in speech motor skill, allowing people who stutter to 
be treated as less gifted but still "normal" speakers, at least in terms of speech motor behavior. 
Of course, if someone is almost continuously confronted with a lack in verbal motor skill, it is 
not surprising that he could develop coping behaviors that at some point may seem quite 
"abnormal". But this will probably be no different for someone who would be forced to perform 
any other motor task for which he lacks adequate skills. The research in motor control strategies 
in people who do and who do not stutter will be continued, using different types of experimental 
paradigms, one of which is briefly described in the final section of this chapter. 
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Abstract 
Electromyograph (EMG) signals of the m. orbicularis oris inferior evoked by hp-
rounding gestures were analyzed to see whether stutterers in their perceptually fluent 
speech had higher levels of EMG and longer EMG durations. The relationship between 
levels of EMG and durations of elevated muscle activity was investigated, and a search 
for the best discriminating EMG measure was made. In contrast to some previous 
studies on the EMG signals of stutterers, a relatively large group of stutterers (я =15) 
and control speakers (n =20), matched for age and gender, was examined. Both groups 
took part in a reaction lime experiment using verbal items of different length (syllables, 
words, and sentences) in two time-stress conditions Measures were taken for lip 
muscle activity during lip-rounding gestures for the Dutch lol sound Only perceptually 
fluent trials were analyzed. The results showed that stutterers had significantly higher 
EMG levels at the moment of speech onset and during speech production than 
nonstutterers A much larger difference between the two groups, however, was found 
for the EMG peak latency measure, which proved to be a very powerful distinctive 
feature in differentiating stutterers from nonstutterers The results were discussed with 
respect to previous findings and recent theories about (speech) motor control strategies 
Introduction 
In the last decade there has been an increasing interest in the speech motor aspects of 
stuttering, especially with respect to kinematic and physiological events that characterize the 
fluent and nonfluent speech of people who stutter (e.g., see Starkweather, 1987b, and Hulstijn, 
Starkweather, & Peters, 1991, for a general review). In the domain of speech physiology, as 
measured by electromyography (EMG), two major findings are frequently quoted to support this 
so called "motoric" approach to stuttering. 
First, it was found that people who stutter show high levels of muscle activity (Freeman & 
Ushijima, 1978; Kalotkin, Manschreck, & O'Brien, 1979; Murray, Empson, & Weaver, 1987; 
Shapiro, 1980) and cocontraction patterns of antagonistic muscle pairs (Freeman & Ushijima, 
1978; Guitar, Guitar, Neilson, O'Dwyer, & Andrews, 1988; Shapiro, 1980). Second, people who 
stutter were found to have longer durations of EMG activity (Aimé & McAllister, 1987; Guitar 
et al., 1988; Peters, Hulstijn, & Starkweather, 1989). Both findings were reported for disfluent 
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and perceptually fluent speech. Longer EMG durations fit into the more general notion of timing 
problems as found with people who stutter in all sorts of speech- and non-speech-related 
processes (e.g.,Adams, 1985; Adams, 1987; Bakker & Brutten, 1989; Cross & Luper, 1983; 
Healy & Gutkin, 1984; Horii, 1984; McFarlane & Prins, 1978; Peters et al., 1989; Starkweather, 
Franklin, & Smigo, 1984; Zimmermann, 1980a; and Starkweather, 1987a, for a review). 
Both findings however, have not remained unquestioned. Especially with respect to the 
studies that reported high levels of EMG amplitude, objections can be made regarding the 
number of subjects that have been used (as with Freeman & Ushijima, 1978; Kalotkin et al., 
1979; Shapiro, 1980), the lack of an experimental control group (as with Freeman & Ushijima, 
1978), or the lack of discrimination between perceptually fluent and nonfluent utterances (as 
with Kalotkin et al., 1979; Murray et al., 1987). Furthermore, there have been reports of studies 
in which stutterers and nonstutterers did not differ in levels of EMG activity (Caruso, Gracco, & 
Abbs, 1987; McClean, Goldsmith, & Cerf, 1984; Smith, 1989; Smith, Denny, & Wood, 1991). 
Clearly, more quantitative information on EMG activity with a relatively large group of people 
who stutter compared with a matched control group, is needed. 
If EMG activity and duration are shown to be different with stuttering subjects compared 
with control subjects, then the question arises whether the EMG durational differences are 
somehow related to the EMG amplitude differences. Several authors have suggested a 
relationship between excessive muscle activity with people who stutter and their apparent delay 
in initiating and producing articulatory movements (e.g., see Adams, 1985; Freeman, 1985; 
MacKay & MacDonald, 1985; Watson & Alfonso, 1983; Zimmermann, 1980c). And, as Shapiro 
(1980) noted, both degree and duration of muscle activity might be related to the amount of 
disruptiveness on fluent speech. Therefore, the relationship between amplitude and durational 
properties of the EMG signal is a further subject of the present study. 
EMG signals were recorded from the m. orbicularis oris inferior during lip-rounding 
gestures for the Dutch /o/ sound of perceptually fluent tokens. A relatively large and 
representative group of stuttering subjects and a group of control subjects, matched for age and 
gender, were used. The following three goals were formulated: (a) to replicate previous findings 
of high levels of EMG and longer EMG durations; (b) to see if there was a straightforward 
relationship between EMG amplitude and duration measures, such that subjects showing high 
levels of EMG amplitude would also show longer EMG durations; (c) to determine the EMG 
measure that discriminates best between stutterers and nonstutterers. 
Method 
Data for this study were selected out of a large data pool of perceptually fluent speech 
tokens with stuttering subjects and nonstuttering subjects gathered in a study described in more 
detail by Peters et al. (1989). Trials containing perceptually fluent initial lol sound utterances 
were selected for the analysis. 
Subjects 
Twenty adult male stuttering subjects (age range 19-28) and 20 control male subjects, 
matched for age within 1 year, participated in the experiment. None of the stuttering subjects 
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had been enrolled in treatment within the previous 2 years. All subjects had normal hearing 
acuity, language, and voice quality. 
A more or less representative group of people who stutter was formed by using mild (n = 
5), moderate (и = 9), and severe (n = 6) stutterers. Severity classifications were based on ratings 
of experienced speech-language pathologists according to a method described in more detail by 
Peters et al. (1989). The data of 5 stuttering subjects in this experiment were discarded, because 
they had less than 10% fluent trials in one or more of the 12 different (2 conditions χ 2 RT tasks 
χ 3 stimuli lengths) stimulus categories. Four of these were severe stutterers and 1 a moderate 
stutterer, leaving a distribution of 2 severe, 8 moderate, and 5 mild stutterers (total и = 15) for 
the analysis. 
Design and procedure 
Design. Each subject was measured in a high and low time-stress condition. In both 
conditions choice and simple reaction time tasks were used. Each task had one block of 60 trials 
in which stimuli (short words, long words, and sentences) had to be read aloud as fast as 
possible from a monitor. 
Tasks and conditions. In both the simple and choice reaction time task, variable intertrial 
intervals (ITIs) (3-5 s) and variable foreperiods (1-5 s) were used. For each task the response 
period was 3 sec. In the simple reaction time task a warning signal (100 Hz/200 msec) was 
followed by the presentation of a stimulus (word or sentence), followed by a variable amount of 
time (1-5 s) after which a response signal (1000 Hz/100 msec) indicated the beginning of the 
response period. The choice reaction time task was similar except that instead of the stimulus in 
the variable forepcriod, a row of asterisks was presented. 
All subjects were instructed to read aloud the stimulus as soon as possible after the 
response signal. In the high time-stress condition, fast response latency was encouraged by 
giving feedback on the reaction times and by repeating the "fast response" instruction. 
Ten training trials for each task were given before the beginning of the experiment. Within 
each block the first five trials were used as practice trials and not included in the data analysis. 
Stimulus words. For each task three different types of utterances were used, that is, 
one-syllable words, three- or four-syllable words, and sentences of about 10 syllables. Each 
stimulus type was used with four different initial sounds (/o/,/a/,/p/, and /s/) repeated 5 times, up 
to 20 trials per type. The first syllable in the polysyllabic words was matched with the 
one-syllable words. The first word in the 10 syllable sentences was of the same type as the 
polysyllabic words. Different words and sentences, matched for initial sound and complexity, 
were used in the low and high time-stress condition. 
Fluency criteria. For this study, only utterances that were judged to have been spoken 
fluently were used for data analysis. To be accepted as fluent, an utterance had to satisfy two 
criteria. The first criteria was the absence of visual signs of struggle in the subject's face or body 
just before or during the token. The experimenter took note of these visual signs of disfluency 
during the recording session. Second, the utterance could not contain audible hesitations, 
prolongations, or repetitions of any kind. These acoustic signs of disfluency were judged by two 
trained expert raters from an audio recording of the subjects' speech. All stimuli on which the 
judges disagreed were treated in an additional rating session. In this session the two raters 
discussed their original ratings until they agreed on all stimuli. The majority of items on which 
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the raters disagreed were disfluencies that were missed by one of the raters during the first 
session. In general, this procedure guaranteed that virtually no disfluent item was selected for 
data analysis. In addition to disfluency, a few utterances were also discarded because of 
inappropriate movements (e.g., swallowing) made by the subjects or momentary interruptions 
during the experiment. From these perceptually fluent utterances, only the items with initial lol 
sound were selected for further analysis. Table 1 shows the final number of these items, 
separated for both groups, and each utterance length under the different experimental conditions 
(time-stress and task). 
TABLE 1. Number of fluent utterances with initial lol sound used for the data base. 
Control subjects 
(л = 20) 
One syllable 
Words 
Sentences 
Totals 
Stutterers 
(n=16) 
One syllable 
Words 
Sentences 
Totals 
Simple 
RT 
77 
76 
87 
240 
61 
56 
44 
161 
Time 
LOW 
Choice 
RT 
86 
87 
85 
258 
65 
58 
49 
172 
stress 
HIGH 
Simple 
Rt 
62 
59 
62 
183 
51 
51 
49 
151 
Choice 
RT 
78 
64 
86 
210 
61 
43 
50 
154 
Totals 
303 
286 
302 
891 
238 
208 
192 
638 
Instrumentation. The subject was seated in front of a TV monitor in the presence of the 
experimenter. Stimulus presentation and real-time experimental procedures were under control 
of an Apple Π+ microcomputer. 
Speech production was measured by simultaneous recordings in the laryngeal, articulatory, 
and acoustic domains. Surface electromyographic (EMG) recordings were made of the 
orbicularis oris inferior (OOI) using two silverball electrodes with a diameter of .4 mm (San-ei 
Sokki, Inc.), attached with flexible tape bilaterally on the lower lip at the junction of the 
vermilion border 1.25 cm from the median raphe. Consistent electrode placement was verified 
by checking the inter-electrode distance, which was kept constant at 25 mm for each subject. 
The electrodes were connected to differential preamplifiers (Honeywell, EMG preamplifier), 
which for all subjects were set at a gain factor of 40. For all subjects, preamplified signals were 
amplified by a gain factor of 100 using Honeywell, Accudata 135 amplifiers with high-pass 
frequency of 50 Hz and low-pass frequency of 500 Hz. Analog EMG signals were rectified and 
integrated (Honeywell integrators) with a time constant of 40 msec. Integrated lip EMG signals 
were recorded on a FM recorder (Philips Analog 14) with a constant attenuation of factor 3, 
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which corresponds to a peak-to-peak amplitude range of 6 V. Lower lip EMG data thus stored 
on tape were digitized (12 bit) on a PDP 11/03 laboratory computer with a sampling rate of 125 
Hz and an amplitude range of 0 to 1 V. Amplitude ranges are expressed in number of integers, 
in which 10 integer units correspond to approximately 4 μν in the original nonamplified EMG 
signal. The between-subjects consistent electrode placement (25 mm) and constant gain settings 
allowed a comparison of muscle activity between the two groups (Blair & Smith, 1986). 
The speech signal was recorded using a condenser microphone (AKG, type 451 E) placed 
in front of the subject's mouth at approximately 30-cm distance. Speech acoustics were also 
recorded on the FM recording system. 
Data analysis. For this study, lower lip EMG data were used, because the lower lip 
muscles can be recorded relatively easily and reliably with surface electrodes and, in this study, 
produced the largest amount of EMG in most subjects. Only perceptually fluent initial lol sound 
stimuli were included in all analyses, because this vowel has obligatory lip rounding in Dutch, 
associated with OOI activity (Zemlin, 1981). 
Speech reaction times were calculated from polygraph (Elema Schonander Mingograph) 
paper recordings with 50-mm/s running speed and 700 Hz high-frequency cutoff. Speech 
reaction times were measured as the interval between response signal and onset of voicing for 
utterances beginning with lol sound. These values were used to determine speech onset within 
the EMG signals. 
Computerized data processing and analysis of the lip EMG data was done on sampled (125 
Hz) analog rectified and integrated EMG signals. The noise level was calculated for each block 
of trials within a 100-ms time window before any speech-related EMG activity occurred. EMG 
onset latency was defined as the time between the response signal and the point were EMG 
activity increased for at least 96 msec by three standard deviations above the calculated mean 
noise level. Computer-derived estimates of the EMG onset latency were always checked 
visually. 
Because the stimuli were very different in length, the offset of EMG activity related to lip 
rounding was hard to measure. Therefore, instead of the more common measure of EMG 
duration, defined by onset and offset of EMG activity, other duration measures were used that 
are assumed to reflect similar events in time. For the same reason a constant time window of 
1000 msec was used, starting from the onset of lower lip EMG activity. Many different EMG 
measures can be taken to quantify the signal itself (peak latency, peak amplitude, rate, etc.). To 
ensure that the most relevant aspects of the EMG signal were taken, measures were selected that 
are often used in EMG studies (cf. Gielen, Van den Oosten, & Pull ter Gunne, 1985; Gottlieb, 
Coreos, & Agarwal, 1989). For each dimension (amplitude, mean area, and duration) two 
variables were used, as well as one variable in which the rate of EMG rise or slope is denoted. 
These measures are defined as follows (see also Figure 1): 
1. Rectified and integrated EMG amplitude at speech onset (Speech EMG); 
2. Rectified and integrated peak EMG amplitude before speech onset (Peak EMG); 
3. Rectified and integrated mean EMG amplitude before speech onset (Prespeech 
EMG); 
4. Rectified and integrated mean EMG amplitude within 1000 msec interval (Total 
EMG); 
5. Time interval between EMG onset and speech onset (Initiation Time); 
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6. Time interval between EMG onset and PEAK EMG (Peak Latency); 
7. Rate of EMG rise (Slope => Peak EMG/Peak Latency). 
EMG amplitudes are quantified in 12 bit integer values, where one integer unit stands for 
approximately 0.4 μΥ in the original nonamplified EMG signals. 
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FIGURE 1. Illustration of EMG measures (see text for more details). 
The data were analyzed using MANOVA's and repeated measures ANOVA's for each of 
the seven dependent variables, with the group differences as between-subjects variable and 
time-stress, task, and stimulus length as within-subjects variables. Discriminant analysis for two 
groups, using a MAHAL method, was used to estimate the variable that would differentiate 
most between nonstutterers and stutterers. The correlation coefficients that are reported are 
Pearson product-moment correlations. All statistical procedures belong to the SPSS-X 
(release 4.0) package. 
TM 
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Results 
The sampled integrated EMG of fluent trials within each stimulus category (one-syllable 
word, three- to four-syllable word, and 10-syllable sentences) was averaged for each sample 
over (maximal) five trials, leaving 12 cells (Time stress conditjon[2] χ Reaction time task[2] χ 
Stimulus length[3]) with seven observations (Speech EMG, Peak EMG, Prespeech EMG, Total 
EMG, Initiation Time, Peak Latency, and Slope) per cell for each subject. 
500-, 
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α E < 100-
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FIGURE 2. Averaged (over time-stress condition, RT task and stimulus length) rectified and integrated 
EMG patterns of stutterers (dark continuous line) and nonstutterers (dashed line), including lines denoting 
the moment of speech onset (S = speech onset stutterers; N = speech onset nonstutterers). 
The results of the MANOVA with one between-group factor and three within-subject 
factors (time-stress, task, and length) indicated that group effects were significant, F = 6.22, ρ < 
.001, as were time-stress, F(7,27) = 6.52, ρ < .001, task, F(7,27) = 2.90, ρ < .05, and length, 
F(I4,122) = 4.47, ρ < .001, effects. However, none of the interactions between group and 
within-subject factors reached significance. Since this study focuses on group differences, the 
data were averaged over the within-subject factors for each group. Rectified and integrated 
EMG patterns for these averaged data, separated for stutterers and nonstutterers, are shown in 
Figure 2. Differences in EMG patterns for both groups are readily observable, both in EMG 
amplitude and durations. For example, stutterers show higher EMG activity levels, a slower rate 
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of EMG rise and a delayed speech onset, Mean values and standard deviations for group effects 
separate for each EMG measure are listed in Table 2. 
TABLE 2. Group means, standard deviations, and results of univariate analysis of variance of EMG 
measures for stutterers and nonstutterers. 
Measure 
Peak EMGa 
Speech EMGa 
Prespeech EMGa 
Total EMGa 
Peak Lalencyb 
Initiation Time 
Slope0 
Nonstutterers 
M 
324 
227 
194 
134 
146 
223 
2.82 
SD 
156 
120 
99 
63 
48 
62 
1.48 
Stutterers 
M 
405 
337 
234 
188 
260 
337 
1.93 
SD 
184 
161 
122 
91 
72 
107 
0.85 
F 
2.01 
5.38 
1.14 
4.30 
31.82 
15.61 
4.36 
Ρ 
.166 
.027* 
.293 
.046* 
.000*** 
.000*** 
.045 
Arbitrary units. Units in msec. Arbitrary units/msec. 
* ** *** 
ρ < .05 ρ < .01 ρ < .001 
It is noteworthy that the standard deviations for the amplitude measures are much higher 
than for the duration measures. This is especially clear in comparing the measure of Speech 
EMG with Initiation Time, both having about the same difference in means, but the latter having 
much smaller standard deviations. Note also that although most measures show group 
differences, the mean interval between Peak Latency and speech onset (= Initiation Time - Peak 
Latency) is similar (77 msec) for both groups. 
Results of univariate repeated measures ANOVA's for group effects are also listed in 
Table 2. All variables, with the exception of Peak EMG and Prespeech EMG, showed 
significant group differences. It should be noted that the lower significant differences in 
amplitude in contrast to differences in temporal variables are partly due to the already 
mentioned higher variability of the amplitude measures (compare the standard deviations in 
Table 2). 
Correlations between dependent variables are listed in Table 3, separate for stutterers (n = 
15) and nonstutterers (n = 20). In both groups the two amplitude measures, both mean amplitude 
measures, and both duration measures correlated highly with each other, with stutterers showing 
somewhat higher values. As could be expected there are high correlations between amplitude 
and mean amplitude measures. Duration measures however, show little correlation with 
amplitude or mean amplitude measures, especially with stutterers. 
The results of the repeated measures ANOVA's (Table 2) indicate several EMG measures 
on which stutterers differ from nonstutterers. With respect to our third goal, that is, to reveal 
which EMG measure can best differentiate stutterers from nonstutterers, a discriminant analysis 
was performed, the results of which are shown in Table 4. It was found that Peak Latency offers 
a reliable measure to differentiate between stutterers and nonstutterers. Its power can be 
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evaluated by the classification results of the discriminant analysis Of the 20 nonstutterers and 
15 stutterers, 86% could be correctly classified as belonging to either group, using only Peak 
Latency. All the other variables did not add any significant discriminating power to this effect. 
TABLE 3. Pearson correlation matrix for EMG measures, separated for nonstutterers and stutterers. 
Nonslulterers 
PE 
SE 
PsE 
TE 
PL 
IT 
SL 
Stutterers 
PE 
SE 
PsE 
TE 
PL 
IT 
SL 
PE 
-
8 3 " 
97** 
78 
07 
33 
** 
88 
PE 
-
98** 
** 
97 ** 
88 
17 
16 
** 
89 
SE 
-
** 
89 
84** 
34 
13 
** 
54 
SE 
-
89** 
** 
89 
14 
07 
86** 
PsE 
. 
79** 
07 
21 
** 
84 
PsE 
_ 
** 
88 
08 
11 
** 
92 
TE 
-
* 
50 
46* 
51* 
TE 
-
29 
21 
71** 
PL 
-
62* 
-31 
PL 
-
91** 
-15 
ΓΤ 
-
21 
IT 
-
12 
SL 
-
SL 
-
Note PE = Peak EMG, SE = Speech EMG, PsE = Prespeech EMG, TE = Total EMG, PL = Peak Latency, IT = 
Initiation Time, SL = Slope 
* * * * + + 
p< 05 p < 01 p< 001 
Discussion 
Using perceptually fluent speech tokens from a relatively large and representative group of 
stuttenng subjects and matched controls, the first goal of this study was to replicate the finding 
that stutterers' fluent speech is characterized by high levels of EMG and longer EMG durations 
It was found that, especially with respect to the duration measures (Peak Latency, Initiation 
Time), previous findings (Aimé & McAllister, 1987, Guitar et al, 1988) were indeed replicated 
The expected differences in EMG amplitude turned out to be somewhat more difficult to find. 
Previous reports about high levels of EMG activity in people who stutter (Freeman & Ushijima, 
1978, Kalotkin et al, 1979, Murray et al., 1987, Shapiro, 1980), were partly replicated in the 
results of the study described here, showing significant differences between stutterers and 
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nonstutterers for EMG amplitude at speech onset (Speech EMG) and for the mean EMG 
amplitude within the 1000-ms interval (Total EMG). 
TABLE 4. Results of discriminant analysis. 
Var in 
Peak Latency 
Structure matrix 
Peak Latency 
Initiation Time 
Total EMG 
Slope 
Speech EMG 
Peak EMG 
Prespeech EMG 
MinD 
Square 
3.71 
1.00 
.81 
.37 
-.22 
.22 
.13 
.05 
Eigen-
value 
.96 
Canonical 
coir. 
.70 
Lambda 
.51 
Q 
2 1 . 9 4 ' " 
*** 
p<.001 
However, stutterers were not significantly different from nonstutterers in the peak EMG 
amplitude before speech onset (Peak EMG) and the mean EMG amplitude before speech onset 
(Prespeech EMG). If high levels of EMG with stutterers are related to more general arousal 
mechanisms, for example, because of speech related anxiety, one might expect clear differences 
between stutterers and nonstutterers before speech production actually begins. Although 
differences were present, they did not reach significance until speech production actually began. 
This finding seems in line with data from Peters and Hulstijn (1984) and Weber and Smith 
(1990), which showed that stutterers do not show any evidence of abnormal ranges of autonomic 
activation during speech-related tasks. The significant difference in EMG levels at speech onset 
and in general during speech production suggests the influence of mechanisms other than 
autonomic activation processes associated with speech-related anxiety. Zimmermann, who 
described stuttering as a disorder of movement (1980c), found that stutterers were slower in 
several aspects of speech production (1980a) and that they showed frequent repositioning of 
articulators (e.g., lowering the lower lip) in perceptually fluent utterances (1980b). The latter 
event, as well as other movement aspects Zimmermann described with stutterers, i.e. increased 
movement amplitude, could lead to an increase in muscle activity (Zimmermann, 1980b), which 
of course would be most prominent at speech onset and during speech production. The elevated 
levels of EMG activity with stutterers found in the present study at speech onset and during 
speech execution might thus be a reflection of the articulatory behaviors Zimmermann 
described. This interpretation of the EMG data from the present study however, is still 
speculative, since the experiment did not include kinematic measures of lower lip movements 
that could confirm Zimmermann's previous findings. However, we recently started a new 
research in which both EMG and kinematic signals are included. 
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The large differences in EMG duration measures, as found in the present study, support 
several models or theories that describe stuttering as a timing disorder (e.g., see Kent, 1985; 
MacKay & MacDonald, 1985; Van Riper, 1982). They also fit into the substantial body of data 
that point to temporal aberrations in (speech) motor processes for stutterers (e.g., Adams, 1985; 
Adams, 1987; Bakker & Brutten, 1989; Cross & Luper, 1983; Healy & Gutkin, 1984; Horii, 
1984; McFarlane & Prins, 1978; Peters et al., 1989; Starkweather et al., 1984; Zimmermann, 
1980a; and Starkweather, 1987a, for a general review; but see Andrews, Craig, Feyer, 
Hoddinott, Howie, & Neilson, 1983; Borden, 1983; Cross & Olson, 1987; Till, Reich, Dickey, 
& Seiber, 1983, for some evidence to the contrary). 
However, the findings of slower rates of EMG rise, longer peak EMG latencies and longer 
initiation times, does not necessarily mean that stutterers suffer from a disorder of timing. As 
suggested by Gottlieb et al. (1989) in a paper on single degree of freedom movements (e.g., arm 
flexion), specific properties of the EMG signal, especially the rate of EMG rise (the Slope 
measure in the present study), might denote the use of different neuromotor control strategies. 
Similar suggestions have been made by Carlton, Robertson, Carlton, and Newell (1985), who 
suggested that the slope of the integrated EMG "may be the principal factor in determining the 
time course and degree of mechanical output " (p. 317). In the neuro-motor model of Gottlieb et 
al. (1989), a mechanism within the motor control system "makes an a priori choice of strategy 
based upon the task (i.e., instructions and task variables)" (p. 196). The model as described has 
two options available: a "speed sensitive" and a "speed insensitive" strategy. A speed sensitive 
strategy is used "when the subject exerts control over the speed at which the movement must be 
performed or over movement time " (p. 196). A speed insensitive strategy is used "when the 
subject does not exert explicit control over the speed at which the movement is performed " (p. 
196). For a subject under a single strategy, task variables correlate with kinematic and EMG 
variables, and consistent relationships exist among measured variables (Gottlieb et al., 1989). 
The present data do not allow a test on the assumptions of Gottlieb et al. (1989), for they are 
based on averaged group performances and lip movements. So no specific information is 
available about the kind of motor control strategy each individual subject in the present study 
might have used in order to meet the demands as required in our experimental tasks, assuming 
the model is correct such strategies exist. 
Still the notion of a "motor control strategy" as reflected in EMG patterns of simple 
movements might offer some clues about the way stutterers deal with the specific demands of 
speech production in order to remain fluent. For example, the present finding of a significant 
slower rate of EMG rise with stutterers in comparison to nonstutterers might indicate that they 
are using a motor control strategy in which movement speed is kept at some lower level in order 
to prevent the system's becoming unstable, a strategy already suggested by Zimmermann 
(1980a). Future research should try to verify the existence of specific control strategies and to 
test whether stutterers are different from nonstutterers in the choice of such strategies. 
Identifying different control strategies for stutterers in comparison to nonstutterers might also 
reveal if such a difference is based upon adaptive or learned behavior, for example, as a 
consequence of speech treatment, or upon limitations within the neuromotor system of 
stutterers. 
The second goal of the present study was to examine whether stutterers who show high 
levels of EMG activity also show longer EMG durations. Contrary to a priori expectations, the 
only evidence in favor of such a linear relationship was found for the nonstutterers in the 
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correlations between mean total EMG and the latency measures. This finding might be based 
upon the fact that the stimuli were different in size, and longer words or sentences have longer 
latencies (Peters et al., 1989) and also more EMG activity if integrated within a constant time 
window as done in the present study. Besides, these correlations, even though significant, were 
rather small, and not significantly different from those of the stutterers, as was tested in a 
between-group comparison of the correlation ratios. In general, the overall correlation pattern of 
EMG measures for stutterers and nonstutterers is not different. The existence of a simple 
straightforward relationship between high levels of EMG and longer EMG durations, as more or 
less suggested by, for example, Adams (1985), Freeman (1985), MacKay & MacDonald (1985), 
Watson & Alfonso (1983), and Zimmermann (1980c), could not be confirmed by the present 
data. Of course, not finding a linear relationship does not mean that there is no (more complex) 
relationship. But analogous to what has been found by Weber and Smith (1990) for sympathetic 
activity as function of emotional factors, the relationship between EMG levels and EMG 
latencies is probably characterized best as highly idiosyncratic. 
The results show both amplitude and duration differences between stutterers and control 
speakers. But are both effects equally strong in separating the two groups, or as stated in the 
third goal of the present study, which EMG measure discriminates best between individual 
stutterers and nonstutterers? The results of the discriminant analysis showed quite unexpectedly 
that the EMG peak latency measure was the most discriminating variable, and that no other 
variable added any extra significant power in discriminating stutterers from nonstutterers. The 
high correlation of the EMG peak latency measure with the initiation time measure and the 
finding that there was no difference between both groups in the interval between the occurrence 
of the EMG peak and speech onset suggests that the effect of the initiation time measure, as 
found in the analysis of variance, is mainly based upon the peak latency effect. The 
discriminating power of the EMG peak latency measure is shown by the fact that 86% of all 
subjects could be classified correctly as either stutterer or nonstutterer. This finding may offer 
future possibilities in selecting an objective measure for diagnosing stuttering behavior and 
evaluating treatment outcome as part of a more general motor task for the assessment of speech 
motor control in stuttering (see also Peters & Hulstijn, 1991). For example, if a relationship 
between peak latency and number of disfluencies could be established, this would argue for its 
usefulness as an objective clinical tool. A preliminary test, in which the EMG measures of the 
present study were correlated with the number of disfluencies that each stutterer produced 
during the experiment, revealed a significant correlation of .64 (p < .01) for Peak Latency, while 
all other correlations between number of disfluencies and EMG measures were less than .12, 
except for Initiation Time (see discussion above). 
The nature of this relationship between variations in peak EMG latency in perceptually 
fluent speech and number of disfluencies uttered during the experiment is unknown. Perhaps 
longer EMG peak latencies reflect the use of a specific speech motor control strategy that 
prevents disfluency, as suggested earlier. Stutterers who show longer EMG peak latencies might 
then be those who have more problems in remaining fluent and thus will show more disfluencies 
if the motor control strategy fails. On the other hand, it could also be that stutterers suffer from 
some kind of inherent timing disorder, and those who show the longest latencies will also show 
the most disfluent behavior at the time of data collection. Whatever the answer may be, the 
measure of Peak Latency seems to be a critical indicator of certain (yet unknown) aspects of 
speech motor behavior. Gracco (1988), investigating timing factors in the coordination of 
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speech movements, emphasized this idea by stating that "the temporal characteristics of the 
EMG activity (onset time to peak amplitude) are important variables in the coordination of the 
multiple articulators" (p. 4637), or put differently "the nervous system uses the central 
patterning of muscle timing actions and the systematic modulation in the time course of 
synergistic motoneuron pools as a simplifying principle reducing the degrees of freedom to 
control" (p. 4636). So variations in EMG peak latencies can be seen as reflections of planned 
strategies in coordinating multiple articulators. This is also in line with the theory of Gottlieb et 
al. (1989), in which the slope or rate of EMG rise is seen as the main control parameter in 
simple arm movements, denoting different control strategies. Future research with more 
emphasis on natural speaking situations will have to be done in order to see if the results 
obtained in the reaction time experiments described here can be extended to a general model of 
speech production. 
General conclusions 
In the study described here it was found that stutterers had longer EMG durations, 
especially for reaching peak EMG activity, and higher EMG amplitudes, especially just before 
and during speech. The correlation patterns among the EMG measures suggest that both for 
stutterers and nonstutterers EMG amplitude and duration variations are linearly independent, 
that is, high levels of EMG do not necessarily entail longer EMG durations. 
The results of a discriminant analysis clearly showed that EMG peak latency was the 
measure that differentiated best between stutterers and nonstutterers. Previous findings 
confirmed the relevance of EMG peak latency as a motor control parameter for the coordination 
of multiple articulators. Research in other areas of motor control also stressed the importance of 
the rate of EMG rise or slope as an indicator of different control strategies. Stutterers in the 
present study were significantly different in both measures from nonstutterers, which might 
suggest that speech motor control strategies are a basic element in the way stutterers handle the 
temporal structure of speech production processes. If future research can identify such control 
strategies, questions arise such as whether these strategies are innate or part of a learned motor 
behavior, or why particular strategies are used and why they are effective or ineffective in 
achieving (perceptually) fluent speech. 
The use of EMG latency measures to diagnose stutterers and evaluate stuttering treatments 
seems warranted by the power with which such parameters can reliable differentiate the fluent 
speech characteristics of stuttering and nonstuttering individuals and by their relationship to the 
number of disfiuencies that are produced by stutterers. 
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Abstract 
In this study changes in upper lip and lower lip integrated electromyographic (IEMG) 
amplitude and temporal measures related to linguistic factors known for their influence 
on stuttering were investigated. Nonstuttering subjects first read and then verbalized 
sentences of varying length (sentence length factor), in which meaningless but 
phonologically appropnate character strings were varied in their position within the 
sentence (word position factor) and their size (word size factor). It was hypothesized 
that the production of stressed, vowel-rounding gestures of words in initial position, 
longer words, and words in longer sentences would be characterized by specific 
changes in IEMG amplitude that would reflect an increase in speech motor demands, 
intuitively defined as articulatory effort Basically, the findings corroborated our 
assumptions, showing that words in sentence initial position have shorter word and 
vowel durations in combination with an increase in IEMG activity Similarly, we found 
shorter vowel durations for longer words, and in sentence final position an increase in 
IEMG activity. For longer sentences we found a clear increase in speech rate, but 
contrary to our expectations a decrease in IEMG activity It was speculated that this 
might relate to the use of a movement reduction strategy to allow higher speech rates 
with increased coarticulation These findings were discussed both for their implications 
in normal speech production, as well as for their possible implications for explaining 
stuttering behavior To this end our data can illustrate both why stutterers might run a 
higher risk of stuttering at these linguistic loci of stuttering, and why they might come 
up with a strategic solution to decrease the motor demands in speech production The 
basic outcome of this study shows that higher order (linguistic) specifications can have 
clear effects on speech motor production. 
Introduction 
It is well known that the probability of a particular word's being stuttered is influenced by 
a number of "linguistic" factors — among others, the position of a word in the sentence 
(Soderberg, 1967), word size (Soderberg, 1966) and the length of the sentence containing the 
word (Jayaram, 1984; Tornick & Bloodstein, 1976). These probabilistic effects, known usually 
as the "distributional patterns of stuttering" or the "loci of stuttering" (see also Starkweather, 
1987, for a more extensive review), have been attributed either to psychological processes such 
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as anxiety about stuttering itself (Brutten & Shoemaker, 1967; Van Riper, 1982), perceived 
difficulty of speech production (Bloodstein, 1987), or more central language production 
processes (Duckworth, 1988; Wall, 1977; Wall, Starkweather, & Caims, 1981; Wingate, 1988). 
The articulatory events that are observed in stuttered speech are thus explained in a rather 
indirect way, by either higher levels of emotional arousal or anxiety that interfere with 
neuromuscular control of speech (Bloodstein, 1987; Brutten & Shoemaker, 1967), or by 
assuming higher demands on cognitiveflinguistic processing that interfere with parallel speech 
execution processes (Peters & Starkweather, 1990; Wall & Meyers, 1984). 
Although word size, word position and sentence length all represent different aspects of the 
linguistic variability of stuttering, it can also be argued that their effects are based on variations 
in contrastive stress, or more generally, in the prosodie pattern of speech production (Klouda & 
Cooper, 1988; Wingate, 1976, 1988). This argument can be made more specific by suggesting 
that linguistic variables (like word position, word size and sentence length) are manifested in 
specific changes in speech motor activity, which in stutterers may "exacerbate pre-existing 
difficulties in organising motor behaviour" (Duckworth, 1988, p. 67). Or to put it differently, 
linguistic factors may influence stuttering behavior because they make direct demands on the 
speech motor system. 
Little is known about the motoric effects that accompany word size, word position and 
sentence length variations. A study by Slis (1971) showed that for specific phonetic/linguistic 
contrasts in the Dutch language higher IEMG peak values were found for those conditions that 
were assumed to require more "articulatory effort". According to Slis (1975), although this 
concept is 
commonly used in the literature, it is not particularly well-defined, and seems to be 
largely based on intuition. Nevertheless, it may be shown thai in a number of linguistic 
oppositions, allegedly differing in articulatory effort, there are consistent behavioural 
correlates, both in durational structure and in electromyographic activity (p. 398) 
Along this line of thinking, we assume that words in sentence initial position, longer words 
and words in longer sentences require more articulatory effort, which would be shown by an 
increase in EMG activity for the selected articulatory gesture. 
Speech acoustic effects have been described in more detail. Longer words have shorter 
stressed vowel durations (Klatt, 1973; Umeda, 1975), and words in sentence final position show 
prepausai lengthening reflected in longer durations of especially final syllables (Klatt, 1976; 
Umeda, 1975). Finally, longer utterances are characterized by faster speech rates (Malécot, 
Johnston, & Kizziar, 1972). 
To summarize then, the purpose of the present study is to identify changes in speech motor 
activity that are expected to accompany acoustic changes determined by word position, word 
size, and sentence length. It is thereby hypothesized that words in sentence initial position, as 
well as longer words and longer sentences impose higher demands on the speech motor system. 
According to the findings of Slis (1971) this might be seen in higher levels of EMG activity. 
Although our primary interest would be to relate such findings to stuttering, we used only 
nonstuttering subjects in this study, since several studies in the past have shown that stutterers, 
even in their perceptually fluent speech, differ from control speakers in amplitude and/or 
durational aspects of neuromotor input (e.g., Freeman & Ushijima, 1978; Shapiro, 1980; Van 
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Lieshout, Peters, Starkweather, & Hulstijn, 1993). Using only normal speakers, the suspected 
EMG changes related to linguistic factors cannot be contaminated or masked by variations in the 
more general speech motor characteristics of stutterers. Of course, this also limits the possibility 
extrapolating the significance of our findings in explaining the linguistic effects on stuttering. 
Therefore, our discussion of the data will focus first on their relevance for normal speech 
production. Second, we will sketch a theoretical outline by which our findings in normal 
speakers and those in stutterers described in other studies could be brought together. 
Method 
Subjects 
Subjects were 12 male, young adult native Dutch speakers (Mean age 22.8 years, range 18 
to 31) who responded to an advertisement in a publication at the University of Nijmegen, and 
screened for a negative history of stuttering or other speech/language disorders. The Dutch 
language has the advantage that vowel duration is constrained by phonological rules 
(Nooteboom & Slis, 1972), which reduces permissible variability and thus enables the 
experimental effects on duration to be more visible against a background of variation. All 
subjects volunteered to participate in the experiment and were paid a standard amount of money 
per hour. 
Design and procedure 
Design. The experiment was set up as a within-subjects design, with word position 
(sentence initial and sentence final), word size (1 syllable and 3 syllables) and sentence length (4 
syllables and 10 syllables) as within-subject factors. For each subject there were 4 acoustic and 
13 IEMG measures used as dependent variables. 
Stimulus material. The stimuli (listed in Table 1) consisted of 10 target syllables of the 
form CVC, where С is either ІХІ or /k/, and V is any of the three vowels (oo /o:/, eu /0 :/, oe /u:/) 
or the diphthong ui /oey:/), all defined by a central/back position and lip-rounding in Dutch 
(Nooteboom & Cohen, 1984). Most syllables were meaningless but phonologically appropriate. 
However, because of the constraints placed upon the stimulus selection, some low frequency 
nouns had to be included. 
The syllables were presented to the subject in a sentence frame, either as one-syllable word 
(short word) or as the first syllable of a three-syllable word (long word), put together by adding 
the letter sequence "-eren" or "-elen" to the target syllable. These endings are standard suffixes 
in Dutch denoting verbalization and pluralization, respectively. The short and long words were 
embedded in two types of variable sentence frames, where the word containing the target 
syllable could be the first (initial position) or the last (final position) element in the sentence. To 
create a distinction between short and long sentences, the short sentence frames of 3 syllables 
were lengthened by the addition of one of two types of phrases, each containing 6 syllables (see 
Table 1). These phrases were placed after, so as to modify, the words "man" (man) or "kind" 
(child). The "zei/zegt" (says/said) and "man/kind" (man/child) variations, as well as the variation 
in the type of added sentence frame, were used as foils to keep the subjects from reading the 
frames in a stereotypical way. Each target syllable was used in the eight combinations that were 
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formed by the word position, word size and sentence length factors, leading to 1 0 x 2 x 2 x 2 = 
80 (Syllables χ Word position χ Word size χ Sentence length) trials per subject. 
TABLE 1. Experimental Stimuli 
Syllables 
toet [tul] 1 
teut [t 0 t] 1 
loek [tu к] 
took [to к] 
teuk [t0 к] 
kuik [koeyk] 
koektkuk] 1 
keuk [k0 k] 
koet [ku t] 
keut [k0 t] 
Suffixes 
-eren [- э^гэп] 
-elen [- эіэп] 
Frame Sentences 
sentence initial short 
zegt/zei het kind/de man 
... says/said the chi ld/the man 
sentence initial long 
. zegl/zei het kind/de man met het geel en gnjs hemd 
.says/said the child/the man with the yellow and grey shirt 
zegt/zei het kind/de man die ik gisteren zag 
says/said the child/the man whom I saw yesterday 
sentence final short 
De man/het kind zegt/zei 
The man/the child says/said . 
sentence Final long 
De man/het kind met het geel en gnjs hemd zegt/zei.. 
The man/the child with the yellow and grey shirt says/said 
De man/het kind die/dal ik gisteren zag zegt/zei.. 
The man/the child whom I saw yesterday says/said 
Low frequent Dutch words (koek 9, toef 2; teut I; koet- 0) Values from Dutch text corpus of 720000 words 
(Uit den Boogaart, 1975) 
A "/" denotes the two possible variations that were used. 
3 
A "3" denotes a schwa sound 
Procedure. The 80 trials per subject were divided into two blocks of 40 trials each. Each 
block was preceded by one practice trial. The 40 trials per block were presented in a random 
order. Both blocks were repeated once, but the original blocks were used as primary data, 
whereas the trials in the repeated blocks were used to replace identical trials in the first section 
that were marked as errors (hesitations, speech errors, coughing, etc.). 
Subjects were seated in front of a TV monitor on which the stimuli were presented in the 
middle of the screen. The chair in which they were seated was modified so as to allow the 
attachment of small parts of recording equipment. To the subject's left, at an angle of 
approximately 90 degrees so that he could not be seen by the subject, sat the experimenter. 
Stimulus presentation and real time experimental procedures were under the control of a 
computer. A senes of 10 practice trials made it possible to check whether the subject understood 
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the instructions, which were presented on a sheet of paper before the experiment. Emphasis was 
placed on the part of the instructions in which the subject was urged to speak in a natural way, 
and to start speaking as soon as the response signal was presented. Since this was not a 
reaction-time experiment, the latter part of the instructions was given only to prevent too much 
between- and within-subject onset variations. Before the experiment, the subjects were 
familiarized with the target syllables so as to avoid hesitations or other speech errors. When the 
experimenter was satisfied that the subject understood what was expected of him, the 
experiment proper began. 
Each stimulus was presented after a low frequency acoustic warning signal (100 Hz, 250 
msec) for a variable period of time, depending on the length of the stimulus. Long sentences 
were presented for either 3 (short word) or 3.5 (long word) seconds, whereas short sentences 
were presented for either 2 (short word) or 2.5 (long word) seconds, to allow for differences in 
reading time caused by the variations in sentence length. A study by Peters, Hulstijn, and 
Starkweather (1989) showed that durations in this range provide sufficient time for subjects to 
read the stimulus on the screen. After this foreperiod, a short, high-frequency acoustic signal 
(1000 Hz) was presented to the subject. Simultaneously, a visual mark (asterisk) was placed in 
front of the stimulus on the TV screen. At this moment, the subject started to speak the sentence 
aloud, as previously instructed. As already mentioned, an emphasis was put on naturalness of 
speech and not on rapid speech or fast reaction times. Just before the "go" signal the computer 
program triggered the activation of the recording systems. After 4 seconds of recording, the 
systems were automatically shut down by the computer program and the subject was informed 
that the trial had ended by the presentation of a high-frequency acoustic signal (500 msec), as 
well as by the disappearance of the sentence from the screen. 
Instrumentation. For this study two signals were used — the speech acoustic signal and the 
electromyographic (EMG) activity of upper and lower lip. Speech was recorded at a constant 
mouth-to-microphone distance (25-30 cm) on a high-quality tape recorder (Revox A77) using a 
condenser microphone (AKG, type 45IE). Surface EMG recordings were made of the 
orbicularis oris inferior (OOI) and orbicularis oris superior (OOS) using miniature silverball 
IEMG electrodes (San-ei Sokki, Inc.). The small size (diameter = .4 mm) of these spherical 
electrodes made it possible to attach them with paper-thin flexible surgical tape bilaterally to the 
upper and lower lip halfway between the median raphe and the comer of the mouth just beneath 
(upper lip) or above (lower lip) the vermilion border. The use of these electrodes has been 
shown not to interfere with normal lip movements (Peters et al., 1989). Both the OOI and OOS 
are considered to be prime movers for lip protrusion or rounding gestures (Boyce, 1990; 
Fromkin, 1966; McAllister, Lubker, & Carlson, 1974; McClean, 1984). The inter-electrode 
distance was about 20 mm center-to-center. The preamplified EMG signals were fed into an 
Elema Schonander amplifier (g = .06, LP = 700 Hz) and relayed to a Mingograph inkjet writer 
for visual inspection of the signals. The amplified signals were filtered and full-wave rectified 
by means of a low pass, third order Paynter filter, set at a bandwidth of 30 Hz and an averaging 
interval of 10 msec (Gottlieb & Agarwal, 1970). Subsequently, the signals were fed into a PDP 
11/03 laboratory computer, which sampled at a rate of 110 Hz. The same computer was used for 
the presentation of the stimuli on the screen and the (de)activation of the recording equipment. 
The speech and integrated (I)EMG signals were also recorded on a 14 channel FM 
instrumentation recorder (TEAC), with a bandspeed of 2.4 cm/s (frequency band of DC-625 
Hz). 
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Leads for the four EMG electrodes were brought to a small board attached to the subject's 
chair at head level. To this board the EMG preamplifiers were attached. A cable was then 
brought to the Elema amplifiers. A marker, indicating the onset and offset of a trial, was 
recorded on a separate track of the tape recorder, and also digitized for subsequent temporal 
alignment of the signals. 
Data analysis 
The acoustic signals were digitized (20 kHz) from the Revox tape recordings, together with 
the marker signal, using a special software package (ILS) for speech signal analysis. The speech 
signals were presented via a high resolution graphics system for acoustic (waveform) analysis. 
Using graphic displays of the waveform and interactive listening with earphones (Crystal & 
House, 1982), the following measures were taken: (a) onset and offset of the acoustic signal for 
the entire utterance {sentence duration), (b) onset and offset of the acoustic signal for the target 
word (word duration), and (c) onset and offset of the periodicity of the acoustic signal as related 
to the first vowel in the target word (vowel duration). An example of a representative trial 
illustrating the acoustic measures derived from a waveform for a long sentence with the target 
word in initial position is shown in Figure 1. 
In order to account for variations among subjects in speech rate that might have influenced 
segment durations (Crystal & House, 1982), durations for each measure were adjusted for the 
subject's overall speech rate relative to the other subjects. This was accomplished by 
multiplying each measurement by a rate adjustment factor (RAF), which was the ratio of the 
mean total duration of all sentences for all subjects and the mean total duration of all sentences 
for each individual subject. That is, AD = MD * RAF (AD = adjusted duration and MD = 
measured duration in milliseconds), and RAF = MTDn/MTDi (MTDn = mean total duration of 
all sentences for all subjects, MTDi = mean total duration of all sentences for each particular 
subject). In addition to these acoustic measures, a speech rate measure was calculated for each 
trial by taking the ratio of the (adjusted) sentence duration to the number of syllables in each 
sentence, resulting in the mean sylhble duration. 
Digitized rectified and filtered EMG signals for each single trial were displayed on a 
graphics terminal (Matrox) by computer software. The onset of the target vowel as determined 
in the acoustical analysis was used as a marker for an algorithm in which, from that point, the 
onset of IEMG activity for each lip was defined as the first (proceeding backwards) moment at 
which IEMG activity decreased to an a priori calculated noise level. The noise level was based 
on the mean IEMG activity of the first 100 msec of the IEMG signal after the "go" signal. If 
these first 100 msec showed more than just background IEMG activity, the noise level was 
adjusted by hand. Computer-derived estimates of the IEMG onset latency were always checked 
visually, and, if necessary, corrected. Thus, the interval between ŒMG onset and vowel onset 
was defined. Using this interval, the following measures, the selection of which was motivated 
by the results of previous work (Van Lieshout et al., 1993), were automatically derived for 
upper lip and lower lip ŒMG's: (a) duration of the interval (IEMG duration), (b) the highest 
IEMG value within the interval (IEMG peak), (c) the difference in time between the ŒMG peak 
and IEMG onset (IEMG peak latency), (d) the average IEMG amplitude of the interval, 
calculated by taking the ratio of the sum of the ŒMG activity for the whole interval to the 
interval duration (IEMG mean amplitude), and (e) the IEMG amplitude at the onset of the vowel 
(IEMG at vowel onset). A representative trial showing IEMG signals for upper lip and lower lip, 
88 
Effects of linguistic correlates of stuttering on EMG activity in nonstuttering speakers 
as well as the onset of ffiMG activity for a word in sentence initial (A) and sentence final (B) 
positions, relative to the onset of the target vowel, is shown in Figure 2. In addition to the 
measures just described, the onset of the upper lip IEMG activity was subtracted from the onset 
value of the lower lip IEMG, and this inter-lip interval was used as a measure for lip 
coordination (see Hulstijn, Van Lieshout, & Peters, 1991). 
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FIGURE 1. Representative example of a trial showing acoustic waveforms illustrating the measures of 
utterance duration, word duration and vowel duration. 
Digitized IEMG amplitude values are expressed in 12-bit integer values, denoted here as 
arbitrary units. Given the within-subject design of this study, no attempt was made to recalculate 
the integer values into the original raw EMG microvolts, in particular because before the 
experiment started, gains were set to optimize signal amplitude using a standard gesture 
(extreme lip rounding) as a reference for each subject. Once determined, the gains for a given 
subject were not changed during the experiment. 
All data were analyzed using a MANOVA method for analyzing repeated measures 
designs as described in O'Brien and Kaiser (1985). Univariate results for each dependent 
variable will be presented. Only the data from the two original blocks were used. In case of 
missing data in these two blocks, the corresponding data from the repetition blocks were used. 
Before statistical analysis, data were averaged over the 10 target syllables for each level of the 
within subject factors (word position, word size, and sentence length). A statistical test for 
significant outliers on these averaged data (Grubbs, 1969) revealed that 7 out of 12 χ 8 χ 17 
(Subjects χ Data points χ Dependent variables) = 1632 data (.4%) had to be replaced by their 
respective cell means. Analysis of variance revealed no differences between effects for the 
uncorrected and corrected data set. A significance level of .05 was set for all tests. All tests were 
performed with df{ 1,11 ). 
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/ku:k/ zei de man die ik gisteren /ag 
Я r/ku к/ sjid the man whom I saw yeucrdavi 
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FIGURE 2. Representative example of a trial showing IEMG signals for upper lip and lower lip, as well as 
the onset of IEMG activity for a lip-rounding gesture for a target word in sentence initial position (A) and 
sentence final position (B), relative to the time of the acoustic onset of the target vowel. 
Measurement reliability 
Replicate measurements were made of the entire data set (80 trials) of one randomly 
chosen subject for both audio and IEMG signals. The audio measurements were made by the 
second author, who also did the original audio measurements, and the IEMG measurements 
were made by the first author, who also did the original LEMG measurements. The measurement 
procedures were identical to the original ones. For the audio signals measurements were made 
on sentence duration, word duration, and vowel duration. For the IEMG signals measurements 
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were made on the onset of upper lip and lower lip IEMG, since only these two IEMG measures 
could be influenced by rater judgment, for example, in cases were the automatic noise algorithm 
could not be used. The audio and ŒMG replicate measurements were compared with the 
original measurements. For sentence duration, the mean absolute difference was 19.5 msec 
(Pearson correlation [r] between original and replicate measurements = .99). For word duration 
the absolute mean difference was 17.3 msec (r = .93). For vowel duration the mean absolute 
difference was 18.3 msec (r = .94). The mean absolute difference for upper lip, respectively 
lower lip IEMG onset was 3.3 msec (r = .99) and 19.1 msec (r = .99). Although there were some 
absolute differences, most likely related to the time delay between both measurements, the 
intra-judge agreement scores are well above .90 for all selected measures. 
Results 
Table 2 shows the means and standard deviations (in parentheses) for the acoustic 
measures, as well as the difference between the two levels of each factor (in msec) and its 
significance. 
The corresponding data for the IEMG measures are shown in Table 3 for the upper lip and 
in Table 4 for the lower lip. The data on the inter-lip interval can be found in the text on IEMG 
effects for word position, word size and sentence length. 
Main effects of word position 
Acoustic effects. As shown in Table 2, words in sentence final position had a significantly 
longer word and stressed vowel duration, which illustrates most likely the expected prepausai or 
phrase final lengthening effect (Klatt, 1976). In addition, sentence durations were found to be 
longer when the target word was in final position. Subtracting the word durations from the 
sentence durations, it can be seen that the frame sentences for the target words in sentence initial 
position have a shorter duration (1196 msec) than the same frame sentences combined with 
words in sentence final position (1252 msec). It seems then, that the subjects spoke the 
remainder of the sentence (the frame part) at a faster rate when it followed instead of preceded 
the target word. 
IEMG effects. As shown in Table 3 and 4 the position of a word in a sentence had some 
clear effects on the IEMG measures. Words in sentence initial position in contrast to words in 
sentence final position showed higher IEMG peak amplitudes and higher IEMG amplitudes at 
vowel onset, in combination with longer IEMG durations and longer IEMG peak latencies. 
Although both lips showed these effects, they were much clearer and (except for IEMG 
duration) only significant for the lower lip data. With respect to the interval between the onset of 
upper and lower lip it was found that in sentence initial position the lower lip preceded the upper 
lip by 12.8 msec (SD = 17.5), whereas in sentence final position both lips were closely 
synchronized (difference of 1.1 msec [SD = 15.0], the upper lip is leading). This position effect 
was significant, F(l,l 1) = 6.11, ρ < .05. 
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TABLE 2. Means (standard deviations) in msec for both levels of the word position, the word size, and the 
sentence length factor, as well as their difference (Diff) and its significance for the acoustic measures (N = 
12). 
Utterance 
Duration 
Word 
Duration 
Vowel 
Duration 
Mean 
Syllable 
Duration 
Diff 
Diff 
Diff 
Diff 
Sentence 
initial 
position 
1555 
(143) 
359 
(37) 
124 
(15) 
201 
(19) 
Sentence 
final 
position 
1666 
(213) 
111** 
414 
(51) 
** 
56 
131 
(17) 
* 
7 
218 
(22) 
*** 
17 
Word size 
short 
1491 
(157) 
280 
(27) 
137 
(16) 
223 
(22) 
Word size 
long 
1729 
(195) 
239*** 
493 
(54) 
*** 
213 
118 
(15) 
*** 
-19 
196 
(19) 
-27*** 
Sentence 
length 
short 
1086 
(131) 
387 
(43) 
127 
(16) 
222 
(23) 
Sentence 
length 
long 
2134 
(216) 
1049 
386 
(33) 
-1.3 
127 
(14) 
0 
197 
(18) 
*** 
-25 
* ** *** 
p<.05; ρ £.01; ρ S. 001 
Main effects of word size 
Acoustic effects. Longer words obviously took more speaking time than shorter words, as 
is shown in the significant increase in word duration (Table 2). The increase in duration is not 
located just in the target word itself, but also in the duration of the frame sentence (sentence 
duration minus word duration), which is 1211 msec for the short word sentences, and 1236 msec 
for the long word sentences. The decrease in mean syllable duration that was found is therefore 
not signaling an overall increase in speech rate, but relates to the local effect of adding two 
unstressed syllables to the target word, including the expected significant decrease (19 msec) in 
stressed vowel duration (Klatt, 1973; Umeda, 1975). 
IEMG effects. Word size effects, regardless of sentence length and word position, are 
shown in Table 3 and Table 4. Again, as with the position factor, the lower lip effects were 
stronger than the upper lip effects, but only the increase in the lower lip ŒMG mean amplitude 
for the longer words was found to be significant. Differences in the duration of IEMG activity 
were not found. With respect to the inter-lip interval it was found that for longer words both lips 
were closely synchronized (mean interval duration of 2.4 msec [SD = 11.3]), showing a 
significant difference of 6.9 msec [Ffl.ll) = 6.60, ρ < .05] compared with the shorter words 
(mean interval duration 9.3 msec [SD = 16.0]). 
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TABLE 3. Means (standard deviations) in msec or arbitrary units (a.u.) for both levels of the word position, 
the word size, and the sentence length factor, as well as their difference (Diff) and its significance for the 
upper lip IEMG measures (JV = 12). 
UPPER LIP 
IEMG 
duration (in msec) 
IEMG peak 
latency (in msec) 
IEMG peak 
(in a.u.) 
IEMG mean 
amplitude (in a.u.) 
IEMG at speech 
onset (in a.u.) 
Diff 
Diff 
Diff 
Diff 
Diff 
Sentence 
initial 
position 
337 
(76) 
186 
(56) 
308 
(167) 
130 
(65) 
139 
(68) 
Sentence 
final 
position 
287 
(42) 
-50 
163 
(3D 
-23* 
290 
(151) 
-18 
128 
(53) 
-2 
128 
(68) 
-11 
Word size 
short 
308 
(54) 
174 
(45) 
297 
(157) 
129 
(58) 
137 
(73) 
Word size 
long 
316 
(51) 
8 
176 
(36) 
2 
301 
(139) 
4 
130 
(52) 
1 
130 
(60) 
-7 
Sentence 
length 
short 
307 
(51) 
176 
(42) 
296 
(146) 
131 
(56) 
137 
(63) 
Sentence 
length 
long 
317 
(53) 
10 
174 
(39) 
-2 
302 
(152) 
6 
128 
(55) 
-3 
130 
(70) 
-7* 
*p < .10; *p < .05; **p < .01; ***p < .001 
Main effects of sentence length 
Acoustic effects. The most apparent effect for the sentence length factor, as shown in 
Table 2, was the faster speech rate for longer sentences, indicated by a significant decrease in 
mean syllable duration. When expressed in syllables per second (1000/mean syllable duration), 
the short sentences (on average 4.9 syllables long) were spoken at a rate of 4.5 syl/s, and the 
long sentences (on average 10.8 syllables long) were spoken at a rate of 5.1 syl/sec. This can be 
compared with the differences found by Malécot et al. (1972) for their French data, showing for 
short utterances (2-5 syllables) an average rate of 5.4 syl/s, and for long utterances (10-50 
syllables) an average rate of 5.9 syl/sec. It seems that, in general, the French-speaking subjects 
spoke at a somewhat faster rate, but since both experiments are so different, this comparison is 
of limited value. More significantly, the differences in speaking rate between short and long 
sentences are strikingly similar for both studies (.6 syl/s in our study and .5 in the study by 
Malécot et al.). 
Although the effect on speaking rate seems comparable to the effect found with the word 
size manipulation, it is clear that both effects are based on different sources. As mentioned 
above while discussing the word size effects, the speech rate effect found for word size had a 
local source, based on adding two unstressed syllables to a word, for which the most significant 
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influence was seen in the decreased vowel duration. In the sentence length manipulation, 
however, there was no localized effect on either word or vowel duration. This makes sense, 
since the target word itself was not changed in size, but within the (frame) sentence we added 
syllables (all real words). Therefore, only the decrease in mean syllable duration for longer 
sentences can be interpreted as an overall increase m speech rate. 
TABLE 4. Means (and standard deviations) in msec or arbitrary units (a.u.) for both levels of the word 
position, the word size, and the sentence length factor, as well as their difference (Diff) and its significance 
for the lower lip IEMG measures (N = 12). 
LOWER LIP 
IEMG 
duration (m msec) 
IEMG peak 
latency (in msec) 
IEMG peak 
(in a u ) 
IEMG mean 
amplitude (in a u ) 
IEMG at speech 
onset (in a u ) 
Diff 
Diff 
Diff 
Diff 
Diff 
Sentence 
initial 
position 
360 
(88) 
204 
(59) 
535 
(173) 
226 
(89) 
264 
(145) 
Sentence 
final 
position 
286 
(46) 
-74 
164 
(28) 
-40* 
442 
(191) 
-93 
214 
(98) 
-12 
214 
(127) 
-50 
Word size 
short 
323 
(62) 
183 
(45) 
474 
(146) 
212 
(81) 
237 
(133) 
Word size 
long 
323 
(62) 
0 
186 
(36) 
3 
504 
(198) 
30 
229 
(103) 
.7* 
241 
(138) 
4 
Sentence 
length 
short 
317 
(60) 
185 
(46) 
494 
(179) 
228 
(96) 
247 
(142) 
Sentence 
length 
long 
329 
(64) 
12# 
183 
(36) 
-2 
484 
(166) 
-10 
212 
(88) 
-16* 
231 
(129) 
-16 
щ
р< 10, ρ <. 05, p<Qì, p < 0 0 1 
IEMG effects. The manipulation in sentence length produced only small and insignificant 
changes in the IEMG measures, except for the lower lip mean IEMG amplitude Неге a 
significant decrease was seen for the long sentences (Table 4). This general decrease in IEMG 
amplitude was seen in combination with a trend for a longer lower lip ŒMG duration in the 
long sentence condition 
Interactions 
Figure 3 shows word size effects for the lower lip IEMG data, separated for word position. 
On the X-axis time is plotted backwards from the vowel onset of the target word (time 0), and 
on the Y-axis IEMG amplitude is indicated in arbitrary units Illustrated are the lower lip IEMG 
94 
Effects of linguistic correlates of stuttering on EMG activity in nonstuttering speakers 
measures of duration, peak amplitude and peak latency, as well as the IEMG amplitude at vowel 
onset. Upper lip data were similar but less clear, as already indicated, and are therefore left out 
of the figure. Connecting the datapoints produces an impression of an averaged IEMG signal. 
EMG amplitude (arbitrary units) 
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FIGURE 3. Schematic representation of IEMG patterns, showing word size (1 vs. 3 syllable nonwords) 
effects for lower lip IEMG duration, IEMG peak amplitude, and IEMG peak latency in sentence initial (Init) 
and sentence final (Final) word position (see text for more details). 
The main effect of word position — longer IEMG duration and higher (peak) IEMG 
amplitude for sentence initial position — is clearly illustrated. It is also shown that word size 
effects differed for word position. Figure 3 indicates that longer words in sentence final position 
were initiated with more IEMG activity than short words, but in sentence initial position this 
was not the case. This observation was supported by significant word position by word size 
interactions for lower lip IEMG peak, F(l,l 1) = 8.79, ρ < .05, lower lip mean ŒMG amplitude, 
F(\,\ 1) = 6.73, ρ < .05, and finally for the lower lip ŒMG amplitude at vowel onset, F(l,l 1) = 
5.03, ρ < .05. The means and standard deviations for these measures are shown in Table 5. For 
the upper lip IEMG data this interaction was found only for IEMG peak amplitude, F(l,ll) = 
7.28, ρ < .05, the means and standard deviations of which can also be found in Table 5. 
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In the acoustic data a word position by word size interaction was found for vowel 
duration, Ff 1,11) = 35.17, ρ < .001, and word duration, Ffl.ll) = 5.55, ρ < .05. For vowel 
duration (Table 5) this interaction is based upon a larger difference in vowel duration between 
short and long words in sentence final position. Apparently, word position only effected the 
stressed vowel durations in short words and not in long words. Word duration (Table 5) showed 
a similar discrepancy between short and long words in the magnitude of the word position 
effect, although in contrast to vowel duration, there was an effect of word position on both short 
and long word durations. When the vowel and word duration data are combined, it is clear that 
for longer words phrase final lengthening occurred only in the final parts of the word. 
TABLE 5. Means (standard deviations) for selected interaction contrasts (see text for more details). 
Lower lip 
IEMG peak 
ШМС mean amplitude 
IEMG at speech onset 
Upper lip 
IEMG peak 
Acoustic 
measures 
Vowel duration 
Word duration 
Short word 
in sentence 
initial position 
536 
(161) 
223 
(81) 
271 
(152) 
318 
(178) 
129 
(17) 
244 
(3D 
Long word 
in sentence 
initial position 
535 
(191) 
230 
(98) 
257 
(143) 
299 
(156) 
119 
(14) 
474 
(48) 
Short word 
in sentence 
final position 
411 
(164) 
200 
(86) 
202 
(120) 
277 
(152) 
145 
(19) 
316 
(45) 
Long word 
in sentence 
final position 
474 
(223) 
227 
(112) 
225 
(136) 
302 
(153) 
117 
(18) 
513 
(71) 
A significant interaction between word position and sentence length was found only for the 
interlip interval, F(l,l 1) = 5.15, ρ < .05. Both short and long sentences showed smaller intervals 
in sentence final position (i.e., both lips are more closely synchronized in time), but the effect 
was a bit stronger for the longer words (Means [SD]: 10.2 msec [20.0] for short sentences and 
15.5 [17.1] for long sentences with the target word in sentence initial position; 1.6 [16.3] for 
short sentences and 3.8 [15.1] for long sentences with the target word in sentence final position). 
No other interactions were found to be significant. 
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Discussion 
This discussion will be split in two parts. In the first part, we will discuss the implications 
of our findings for normal speech production. In the second part, the findings will be brought 
together with data from studies on stuttering to develop a preliminary theoretical outline by 
which the effects of word position, word size, and sentence length on stuttering behavior could 
be explained from a speech motor perspective. 
Implications for normal speech production 
The main goal of the present study was to identify changes in a number of EEMG measures 
in the amplitude and time domain as related to linguistic factors (word position, word size, and 
sentence length) that are known for their influence on stuttering behavior. Other studies (see 
introduction) have shown earlier that these factors have clear acoustic effects. Our results for the 
acoustic data in general replicated these findings, in that longer sentences were produced with 
higher speech rates, longer words had shorter stressed vowel durations, and words in sentence 
final position showed phrase-final lengthening effects in word and vowel durations. However, 
with respect to this latter finding we also found that for longer words in sentence final position, 
the lengthening effect was found only for the final parts (unstressed syllables) of the word. 
We hypothesized that the above-mentioned acoustic variations would correlate with 
specific changes in our IEMG measures. More specifically, we expected that words in sentence 
initial position, longer words, and longer sentences would require more articulatory effort, 
evidenced by an increase in IEMG activity (Slis, 1971, 1975). Basically, our findings supported 
this hypothesis. For words in sentence initial position, regardless of word size and sentence 
length, we found higher IEMG amplitudes (and longer IEMG durations) for the initiation of 
lip-rounding gestures. This was especially apparent for the lower lip data. Longer words also 
showed more lower lip IEMG activity during the initiation of lip-rounding gestures, however 
only in sentence final position. Only for sentence length the effects contradicted our assumption 
by showing smaller IEMG amplitudes together with a trend for longer IEMG durations. 
For the interlip interval data, it was shown that words in sentence initial position showed a 
larger interval between the onset of upper and lower lip IEMG activity than words in sentence 
final position, particularly in the final position of long sentences. Longer words were found to 
show a smaller lip interval than short words. 
The rest of this part of the discussion will consider in more detail the acoustic and IEMG 
findings for each linguistic factor. 
Word position. To start with word position, it has been a kind of common intuition that 
the "beginning of a speech unit of almost any size is 'harder' than the rest" (p. 340, Jayaram, 
1984). Our IEMG findings for lip rounding gestures now seem to provide a rationale for this 
intuition, suggesting that movements at the onset of a utterance are made with more articulatory 
effort. Since there was also a small, but significant shorter vowel duration in sentence initial 
position, it may be that the increase in EMG activity reflects the use of higher movement 
velocities (see Lindblom, 1983, for a discussion on this topic). 
Why are movements at this sentence position made with more articulatory effort? A few 
suggestions that have been brought forward in earlier studies might form a useful basis for 
further research. For example, McAllister et al. (1974) found longer IEMG durations for 
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rounded vowel production in initial word position, in contrast to non-initial positions (preceded 
by unstressed VC-). Because the standard deviations of IEMG durations in initial position were 
also larger, they suggested that the difference might result from a more variable lip position 
prior to speech onset than during speech production. It seems reasonable to assume that more 
variable lip positions would require more articulatory effort to synchronize both lips, including 
faster or more forceful movements to bring both lips in a rounded position in time. In our IEMG 
data we find some support for the assumptions of McAllister et al. (1974). On average the 
IEMG durations for initial word position showed larger standard deviations (absolute and 
relative) compared with word final positions. Besides, we found a larger interlip interval at the 
onset of an utterance, which might suggest problems in coordinating both lips closely in time. 
Of course, with more variable lip positions that would make sense. On the other hand, in our 
study subjects had enough time to prepare themselves before speaking, and in such a situation 
we would expect less instead of more variable lip positions. Clearly, without movement data this 
issue can not be solved. Perhaps we could look for still another explanation that might account 
for the increase in articulatory effort at sentence initial position. 
Nooteboom (1972) suggested that sentence initial positions are linguistically marked, for 
which he used the concept of communicative dominance. Words in early sentence positions are 
most likely to be content words (see also Wingate, 1988), and because they often convey new 
information, they are likely to receive more contrastive stress. More stress is characterized by 
higher peak amplitudes of the stressed vowels, for example, by making more extended or 
forceful movements, and thus might entail more articulatory effort (Nooteboom, 1972, see also 
Klouda & Cooper, 1988, and Wingate, 1976, 1988) This theory, however, as valid as it may be 
for normal speech production, seems less plausible when used to explain the word position data 
of our experiment. We used frame sentences that most likely will have focused the attention of 
our subjects on the target items, irrespective of their sentence position. In that case, it can be 
expected that all target words became communicatively dominant and received equal intentional 
contrastive stress. This was our intention. From our own observations during the experiments 
and afterwards by listening carefully to the subjects' speech, we did not notice any clear 
differences in contrastive stress as a function of word position. 
In short, then, the IEMG data suggest that vowel rounding gestures for words in sentence 
initial position are made with more articulatory effort. However, whether this increase in effort 
is related to more variable lip positions, or to a linguistic strategy to communicate salient 
information by means of intentional contrastive stress, or to even a totally different factor, is a 
matter of speculation and open for further inquiry. 
Word size. In our study we found an expected decrease in vowel duration, together with 
higher ŒMG amplitudes and a smaller interlip interval in the longer words. As mentioned 
before, shorter vowel durations could entail faster lip-rounding movements with an increase in 
EMG activity. The latter was found in our IEMG data for longer words in final sentence position 
(see Figure 3). However, the effect did not appear in sentence initial position. We can only 
speculate about the origin of this difference for word position. Perhaps, if movement velocity is 
already increased at the onset of an utterance, a kind of ceiling effect could occur and an 
additional increase for longer words would not show in the IEMG signals. 
The smaller interlip intervals we found for longer words, irrespective of sentence position, 
might also indicate the use of higher movement velocities. De Nil and Abbs (1991) found less 
variability in articulator sequence patterns for lip closing gestures at short movement durations 
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compared with long movement durations. Less variability also means better predictability and 
the possibility of reducing the interval between the lip EMG onsets. Unfortunately, there are no 
kinematic data available, to our knowledge at least, that could support the assumption that for 
vowel-rounding gestures in longer words there is really an increase in movement velocity. 
Sentence length. For sentence length we found the expected increase in speech rate, 
which, as already mentioned in the Results section, was strikingly similar to the increase found 
by Malécot et al. (1972) for a comparable contrast in sentence length. This overall increase in 
speech rate was found in combination with an unexpected decrease in (lower lip) IEMG activity 
and a trend for longer IEMG durations. Sentence length did not have a clear effect on either 
word or vowel durations, so the increase in speech rate was most effective for the frame part of 
the utterance. The increase in speech rate can be achieved in two ways: either by decreasing the 
number and length of pauses within (and between) sentences (Crystal & House, 1982), or, as 
pointed out by Lindblom (1983), by using a movement reduction strategy to encourage 
coarticulation. If our subjects would have reduced the movement amplitude while speaking at 
faster rates, it can be expected that the IEMG pattern would more or less spread out in time (see 
also Lindblom, 1983), snowing a more or less general decrease in IEMG activity and an increase 
in IEMG duration. This was found in our data, and we therefore are inclined to think that our 
subjects indeed reduced the movement amplitudes, and not just decreased the number of pauses. 
A reduction in movement amplitudes would have made our subjects' speech less clearly 
articulated. Since the speech rate effect was found primarily for the frame part of the utterance, 
there was no obvious need for our subjects to be more precise in their articulation. 
In conclusion, the data from this study suggest that lip-rounding gestures for vowels in 
words in initial position and longer words are characterized by an increase in articulatory effort, 
presumably reflecting either faster and/or more forceful movements. The effect of sentence 
length was more general and might have induced a strategy by which higher speech rates are 
realized by reduced movement amplitudes, indicating more coarticulation for the frame part of 
the longer sentences. 
Implications of the findings for stuttering 
Although stutterers were not included in this study, we would like to give a very brief and 
preliminary account of how our findings might relate to some of their speech behaviors. Several 
studies in the past have shown that people who stutter compared with matched controls, show 
higher IEMG amplitudes (Freeman and Ushijima, 1978; Shapiro, 1980; Van Lieshout et al., 
1993), and especially longer IEMG durations (Aimé & McAllister, 1987; Guitar, Guitar, 
Neilson, O'Dwyer, & Andrews, 1988; Hulstijn, Summers, Van Lieshout, & Peters, 1992; Peters 
et al., 1989; Van Lieshout et al., 1993). Zimmermann (1980) proposed a model in which he 
claims that whenever "normal ranges are exceeded the afferent nerve impulses generated are 
presumed to increase the gains of associated brainstem reflex pathways. If excitation reaches a 
'threshold' level, oscillation and/or tonic behaviors occur" (p. 130). According to 
Zimmermann's theory, people who stutter are either at the low end of the threshold continuum 
or have more variability in their speech motor system. From this perspective we could argue that 
faced with conditions in which more articulatory effort is required, people who stutter might run 
the risk of exceeding the critical threshold, at which point the speech motor system could 
become unstable. So, if people who stutter put more articulatory effort in producing movements 
in sentence initial position or in longer words, like our normal speakers seem to do, they might 
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run a higher risk of becoming disfluent. This way, linguistic factors could be effective in 
influencing stuttering behavior because they make direct demands on the speech motor system. 
Zimmermann (1980) also suggested that people who stutter could remain below these 
critical threshold values, by reducing movement velocities and increasing movement durations. 
These control strategies, however, seem to be typical not just for those who stutter, as our data 
with normal speakers for sentence length seem to illustrate. To achieve faster speech rates, we 
suggested that our subjects might have reduced movement amplitudes, which allows for more 
coarticulation. As an apparent side effect, the target positions of sounds are no longer achieved 
(Lindblom, 1983) and speech may become less clear. A study by Peters et al. (1989) showed 
that when stutterers and nonstutterers were urged to respond as quickly as possible, they 
"appeared to adopt an unusual way of talking, characterized by less pitch variation and less clear 
articulation" (p. 674). This impression was supported by an evaluation of speech quality made 
by perceptual judgments. Clearly, their finding not only seems to illustrate the use of a 
movement reduction strategy in a situation where speech rate was expected to increase, but also 
that people who stutter were just as efficient as controls in using this strategy. The effectiveness 
of this strategy was also clear, since those who stutter showed a clear decrease, instead of the 
expected increase in disfluency for the time pressure condition in the experiment of Peters et al. 
(1989). 
A further indication that people who stutter may take advantage of using the movement 
reduction or "undershoot" strategy, as Lindblom (1983) called it, is provided by a study of Klich 
and May (1982). They found more centralized formant frequencies for people who stutter 
compared with controls, which they thought suggested that "stutterers' fluent vowel production 
is more restricted temporally and spatially" (p. 369). Also the results reported by McClean, 
Goldsmith, and Cerf (1984), Smith (1989) and Smith, Denny, and Wood (1991), which showed 
that stutterers were not different from nonstutterers in IEMG levels, or even showed lower 
levels, might relate to the possibility that stutterers have used such a strategy in these 
experiments. Clearly, people who stutter (like normal speakers) can choose not to use this type 
of motor control strategy, for example, whenever less clear articulation might interfere with 
communicative purposes. We would predict that whenever in such situations more articulatory 
effort is required, as in sentence initial position and with longer words or sentences, disfluency 
will increase. It is the combination of speech rate and accuracy that would bring stutterers to 
their limits in motor control. As the study by Peters et al. (1989) showed, just asking subjects to 
increase speech rate will probably not prevent them from using control strategies that are 
effective in reducing the demands put on the motor system. 
General conclusions 
The results of the study described here indicate that linguistic factors that are well known 
for their influence on stuttering behavior are characterized by specific changes in acoustic and 
IEMG measures. For word position and word size the nature of these variations suggested an 
increase in demands on the speech motor system. For sentence length, however, our data suggest 
that the higher demands can stimulate the use of specific speech motor control strategies that 
will make it possible to compensate, although not without costs in terms of clarity of 
articulation. However, for less relevant parts of a sentence this seems hardly a problem. In 
discussing the implications of these findings for people who stutter, we speculate that the 
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increase in articulatory effort for initial word positions and longer words will bring their speech 
motor system to some critical point of instability. To avoid that situation, people who stutter 
might be much more in need for using compensatory motor control strategies, such as 
movement reduction, to remain fluent. If so, it is in our view important to keep in mind that 
differences between people who stutter and normal speakers in speech motor characteristics 
might not reflect a disorder of movement, but rather the effective use of a motor control strategy 
to prevent stuttering to surface, even to the extent that group differences in the selected 
measure(s) of interest could disappear. In general, we think that the results of this study imply 
that higher order (cognitive/linguistic) constraints may have a direct impact on the management 
of the speech motor control system. 
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Abstract 
The main purpose of the present study was to lest the hypothesis that persons who 
stutter, when compared with persons who do not stutter, are less able to assemble 
abstract motor plans for short verbal responses Subjects were adult males who stutter 
and age- and sex-matched control speakers, who were tested on naming pictures and 
words, using a choice-reaction time paradigm for both tasks Words varied in the 
number of syllables (I, 2 and 3 syllables) and, for the bisyllabic words, also in the 
number of consonants (one or more) at the onset of the second syllable. Measurements 
consisted of speech reaction times, word durations, and measures of relative timing of 
specific motor events in the respiratory, phonatory and articulatory subsystems. 
Results indicated that, in spite of longer speech reaction times for persons who stutter 
in comparison to control speakers, there was no interaction with word size, a finding 
that does not lend support to the above mentioned hypothesis. Word durations were 
found to be longer for persons who stutter, and in addition there was an interaction of 
group with word size Both findings were associated with longer delays for persons 
who stutter in the onset of upper lip integrated electromyographic (IEMG) activity and 
thoracic compression, and a group effect on the order of upper lip and lower lip IEMG 
onset. Findings are taken to suggest the possibility that persons who stutter may use 
different motor control strategies to compensate for a reduced verbal motor skill and 
while the nature of this reduced skill is unknown, it is speculated that it relates to the 
processes involved in the integration of sensory-motor information . 
Introduction 
From a behavioral point of view, stuttering involves an involuntary disruption in the motor 
production of speech. It would seem, therefore, that in order to explain stuttering, a theoretical 
framework is needed in which variables that are known for their impact on stuttering are 
accounted for in terms of their influence on speech motor control (see also Smith, 1990). One of 
the most salient factors in this respect is word size (e.g., Peters, Hulstijn, & Starkweather, 1989; 
Prins, Hubbard, & Krause, 1991; Soderberg, 1966; and also Andrews et al., 1983, Starkweather, 
1987; Young, 1985, for reviews). In general, the effect is assumed to occur because long words 
are considered to be more complex than short words. Complexity, however, can be defined in a 
number of ways. 
Chapter 4 
One more or less traditional view in speech motor research claims that this complexity 
arises from the fact that long words have more production units (e.g., syllables or sounds), 
which will affect the time needed to prepare the motor commands for speech (Klapp, 1977; 
Monsell, 1986; Shaffer, 1984; and for a more general theoretical account, Schmidt, 1988; Van 
Galen, 1991). For normal speaking subjects, evidence in support for this claim was found in 
both simple (Sternberg, Monsell, Knoll, & Wright, 1978; Sternberg, Wright, Knoll, & Monsell, 
1980; Watson, Freeman, & Dembowski, 1991) and choice reaction time studies (Klapp, 1974; 
Klapp, Anderson, & Berrian, 1973; Rosenbaum, Gordon, Stillings, & Feinstein, 1987). The fact 
that word size effects are found in both simple and choice reaction time tasks, is explained by 
Verwey (1994) by assuming that the length of a verbal sequence can influence the processing 
time of two different stages. On a general level, the first stage involves the creation and 
buffering of an abstract (verbal) motor plan, starting at the phonological encoding process using 
word form information from the mental lexicon (see also Levelt, 1989). The second stage 
involves the subsequent translation of the abstract motor plan into the appropriate muscle 
commands (see also Verwey, 1994). To avoid the usual confusion in terminology that arises 
from words like planning and programming, the first stage will be referred to by motor plan 
assembly, and the second stage by muscle command preparation. 
Peters et al. (1989) argued that the longer verbal reaction times often found in persons who 
stutter, especially with more complex utterances, relates to increased demands on motor 
programming, as they called it. Although Peters et al. did not precisely specify what stage in 
speech production they were referring to, it seems that it comes very close to what is called here 
motor plan assembly. To test their hypothesis, Peters et al. compared verbal reaction times of a 
group of persons who stutter and a group of matched control speakers for monosyllabic words, 
polysyllabic words, and sentences. Both groups showed a significant increase in reaction time 
for the polysyllabic words and sentences, but especially for the polysyllabic words (one vs. 
three-/four-syllable words) this effect was clearly stronger for the persons who stutter (but see 
also Young, 1994, for an alternative analysis of these data). Since their data further indicated 
that the effect was primarily located in the early parts of the reaction time interval, Peters et al. 
(1989) concluded that their data supported the claim that persons who stutter may have 
problems in assembling abstract motor plans. More recently, Dembowski and Watson (1991) 
and Watson, Pool, Devous, Freeman, and Finitzo (1992) were only partially successful in 
finding the same effect of word size on reaction time differences between persons who do and 
do not stutter. In both studies the equivocal results were attributed to subgroup differences 
within the experimental group. However, apart from that, these studies differed in a number of 
ways from the study of Peters et al. (1989), for example, in the type and number of stimuli, the 
duration of intertrial intervals (ITIs), and the type of reaction time task (simple vs. choice). 
The present study tested whether persons who stutter, in comparison with control speakers, 
have more problems in assembling abstract motor plans. Although in many ways similar to the 
study of Peters et al. (1989), this research involves some important modifications. First, 
sentences were not used to avoid confounding with prosodie and syntactic factors that operate at 
the sentence level. Second, instead of comparing monosyllabic words with three- and 
four-syllable words as in Peters et al., this study used a more refined range of word size, varying 
the number of syllables per word (one vs. two vs. three) in steps of one. This way it could be 
determined more precisely whether each extra syllable really counts in its influence on the word 
size effect, or, alternatively, that the word size effect is more generally based on short (one 
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syllable) versus long (more syllables) words, without a clear difference between words with 
more than one syllable (see also Klapp & Wyatt, 1976; Sternberg et al., 1978). Although the 
number of syllables is generally considered to be more critical to elicit the word size effect (e.g., 
Klapp et al., 1973; Levelt & Wheeldon, 1994), it is in principle possible that phonemes and not 
syllables form the basic unit in motor plan assembling. Therefore, the number of phonemes per 
word was varied by using bisyllabic words differing in the number of consonants (one vs. two or 
three) at the onset of the second syllable. 
Longer words may not only affect the assembly of the motor plan, but they may also be 
more difficult to articulate (e.g., having less familiar articulatory patterns and/or more complex 
prosodie patterns). This was noticed earlier by Soderberg (1966), who stated that "the more 
complex phonetic structure of longer words makes such words generally more difficult to 
pronounce and consequently more susceptible to being stuttered" (p. 586-587). Persons who 
stutter have not only been found to have delayed reaction times, but also delays in speech 
execution (Borden, 1983; McMillan & Pindzola, 1986; Pindzola, 1987; Postma, Kolk, & Povel, 
1990; Zimmermann, 1980), and this effect might be increased by word complexity. Therefore, 
in addition to speech reaction times, word duration as a general estimate of speech execution 
time was measured also. 
Another important difference from the study by Peters et al. (1989), was the use of two 
different naming tasks. In general, word-naming tasks as used by Peters et al., may introduce 
confounding effects at the level of motor plan assembly with possible reading time differences 
between words that vary in the number of graphemes (Eviatar & Zaidel, 1991; Naveh-Benjamin 
& Ayres, 1986; but, see Hudson & Bergman, 1985 and Rossmeissl & Theios, 1982). In the 
present study, word naming was compared with picture naming (see Glaser, 1992, for an 
extensive review of this type of task). For the latter task, effects of word complexity can be 
determined independently from the visual features of the stimulus (Klapp et al., 1973). For both 
tasks a choice reaction time paradigm was used, which is claimed to be more suitable than 
simple RT tasks to study effects of motor plan assembly (Hulstijn, 1987; Klapp et al., 1979; 
Sheridan, 1981;Verwey, 1994). 
As argued by Peters et al. (1989) and others (Borden & Watson, 1987; Shipp, Izdebski, & 
Morrissey, 1984; Smith, 1990; Watson & Alfonso, 1987), group differences in speech reaction 
time can be evaluated more precisely by studying temporal variations in the three underlying 
subsystems of speech motor production (respiration, phonation, and articulation). To accomplish 
this, recordings were made of movements of the abdominal and thoracic chest wall by means of 
mercury strain gauges, of laryngeal activity by means of electroglottography (EGG), and of 
integrated electromyographic (IEMG) activity of upper and lower lip by means of surface EMG. 
Peters et al. (1989) did not use measures of respiration, but several studies (e.g., Hoit, Solomon, 
& Hixon, 1993; Shipp et al., 1984; Watson & Alfonso, 1983, 1987) have shown that 
speech-related respiration is importantly related to the timing of other speech motor events. 
In sum, the main purpose of the present study was to assess the hypothesis that persons 
who stutter have problems in the assembly of an (abstract) motor plan for a word. It was 
predicted that words with more syllables or sounds would show relatively stronger delay effects 
on naming latencies in persons who stutter compared with matched control speakers. 
Simultaneous measures in the respiratory, phonatory, and articulatory domain were used to 
qualify group differences in naming latencies and execution times in the light of the relative 
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timing and sequencing of specific motor events. In doing so, the present study focused on 
perceptually fluent speech to avoid a contamination with physiological events that arise as a 
result of a disfluency (see also McClean, 1990). It is in this respect an advantage that in the type 
of reaction time experiment that is used in the present study, most persons who stutter (except 
very severe ones) will not produce many disfluencies at all. Of course, the disadvantage is then, 
that a test on the effect of word size on stuttering frequency becomes rather dubious with so 
little data and a high between-subject variability. But, it has to be noticed, that even if there 
would be a sufficient number of disfluencies across all subjects, finding a difference in stuttering 
frequency between short and long words only indicates and confirms that longer words are 
apparently more difficult1 to handle for persons who stutter. Whether this difficulty relates to 
aspects of motor plan assembly or to aspects of muscle command preparation and execution 
remains unclear. It is for this reason that the measures that are used in the present study were 
chosen, because they do offer the possibility to make such a distinction (see also Dembowski & 
Watson, 1991; Peters et al., 1989). 
Method 
Subjects 
Subjects were 12 males who stutter (mean age 27.2 years, SD = 7.3), and 12 age- and 
gender-matched control speakers. The subjects of both groups were also matched on educational 
level. All subjects had normal hearing acuity, normal language and voice quality, and normal 
vision. None of the persons who stutter received treatment during the preceding year. They were 
selected from a clinical population of people who stutter, evaluated prior to participating in the 
experiment in the ENT clinic of the academic hospital in Nijmegen. 
Stuttering severity was determined by an jexperienced speech-language pathologist using 
the Stuttering Severity Instrument (SSI; Riley, 1972) scores on oral reading and conversational 
speech, both recorded on video prior to the experiment. From the persons who stutter, 5 were 
classified as very mild, 2 as mild, and 5 as moderate. All subjects were volunteers, and were 
payed 10 Dutch guilders per hour for their participation. 
Design and procedure 
Stimuli. Word responses could be elicited either by printed words or by pictures used as 
stimuli in the two naming tasks. Word size was manipulated by using words varying in number 
of syllables (one, two, or three) and, for bisyllabic words, also in number of consonants at the 
onset of the second syllable (see Appendix). All words were relatively low-frequency nouns (< 
70/million), based on 42 million tokens in CELEX, a computerized Dutch lexical database 
(Bumage, 1990). For the two naming tasks different words2 were used, but they were carefully 
In fact, taken into account the very small percentage of disfluencies in the present experiment (see Method 
section), it was found that longer words in general induced more disfluencies than short words in picture naming 
(9.2% vs. 1.4%) and word naming (3.9% vs. 1.1%). 
2 
There were two exceptions to this rule. The one-syllable words /o:r/ en /u:r/ appeared in both naming tasks. 
Furthermore, since the design of the experiment was such that one syllable words were also used as the first 
syllable in longer words, /o:r/ en /u:r/ also appeared as first syllable in (different) longer words in both naming 
tasks. 
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matched on number of phonemes, primary stress (first syllable), word class (nouns), and initial 
sound. 
The monosyllabic words (1 syl) occurred as the first syllable in the two (2 syl) and three (3 
syl) syllable words, which were in fact compounds. There were two types of bisyllabic words. 
One type had a single consonant at the onset of the second syllable (2 syl/s), and the other had 
multiple (2 or 3) consonants at the onset of the second syllable (2 syl/m). The onset of a word 
was either a consonant (/b/ or Imi) or a vowel (/o:/ or /u:/). All four initial phonemes were 
combined with all four levels (1 syl, 2 syl/s, 2 syl/m, and 3 syl) of the word size factor. To 
measure lip EMG activity, word-initial voiced bilabiale and central/back rounded vowels were 
used, thus maintaining voicing constant for all measured words. The mean number of graphemes 
for the words in the word-naming task was 3.9 (SD = .64) for the monosyllabic words, 7.4 (SD = 
.92) for the bisyllabic words with single consonant onset at the second syllable, 8.9 (SD = .99) 
for the bisyllabic words with multiple consonants onset at the second syllable, and 9.8 (SD = 
1.16) for the trisyllabic words. 
For the picture-naming task, pictures (see Appendix in Lankhorst, Van Lieshout, Peters, & 
Hulstijn, 1992) were drawn by a professional artist, adjusted in size, and attached to a plastic 
frame of 10x10 cm to allow a clear view on the picture during the experiment. Since word 
criteria were rather strict, it was not possible to use a set of normalized pictures (cf. Snodgrass & 
Vanderwart, 1980). Subjects were familiarized with the pictures prior to the experimental 
condition to avoid problems in naming (see Tasks). 
Procedure. Preliminary to the experiment, persons who stutter were asked to read aloud a 
standard text, and subsequently they were engaged in a brief dialogue with the experimenter. 
These speech tasks were videotaped and used afterwards for estimating the stuttering severity of 
all stuttering subjects. 
In general, a subject was instructed to respond immediately to a stimulus on the screen 
(arrow or word), presented simultaneously with a beep (Go-signal). Their response consisted of 
them naming the correct picture label, or reading the word aloud. The subject was requested to 
fixate his eyes on a dot in the middle of the screen. Both speed and accuracy were emphasized, 
that is, the subject was told that correct performance was as important as fast performance. The 
subject was also informed about the short intervals between successive trials. Reaction times 
were monitored using voice-key data. When subjects appeared to loose their concentration as 
shown in a gradual general slowing down of reaction times compared with previous trials, the 
instruction of responding fast and accurate was repeated by the experimenter who monitored the 
voice-key reaction times. The two naming tasks were presented in a single session, separated by 
a short break. The order of the tasks was balanced across subjects. Each task was preceded by a 
practice session of 20 trials, using pictures and words that were different from the experimental 
stimuli. During the experiment the subject was seated in front of the monitor in the presence of 
one experimenter. Another experimenter controlled the equipment in an adjacent room. 
Tasks. A choice reaction-time paradigm was used for both naming tasks, in which 
feedback on reaction times was not provided. As mentioned, before the start of an experimental 
block in the picture-naming task, subjects were familiarized with a set of pictures and their 
verbal labels, being either a monosyllabic, bisyllabic (two different types), or trisyllabic word. 
For a given set of words, after having been told the correct verbal label for each picture, the 
plastic frames with the attached drawings were presented to the subject one by one in a random 
order. Once subjects could name the correct label for all pictures in three successive trials, and 
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when they indicated that they felt confident about having mastered the combinations, the 
pictures were placed at their appropriate position (see below) on a plastic support to start the 
naming task. Of course, the number of different picture-word combinations that can be learned 
for one block of trials is limited. In the present experiment it was set to four, according to what 
has been reported in literature for a similar type of task (cf. Levelt & Wheeldon, 1994). In 
general, learning for one set of 4 different picture-word combinations was accomplished in less 
than five trials for members of both groups. 
As already mentioned, word size levels were not confounded with initial sound, by using 
four different word initial phonemes (/o:/, /u:/, Imi, and /b/) for each complexity level. For 
practical reasons, the number of different words per initial phoneme level was limited to one for 
the picture naming task, which adds to a total of 16 different words (see Appendix). These 16 
different words were assigned to four sets of four different picture-word combinations, such that 
within a set the four word size levels were presented with a different initial phoneme (e.g. 
"meer", "bierkan", "oorsprong", "oerwouden"). This prevented subjects from adopting a fixed a 
priori lip position during an experimental block. The four different picture-word sets were 
presented in a balanced order across the experimental subjects, but for each subject only the data 
from the first set was analyzed for reasons discussed below. An experimental block consisted of 
one set of four picture-word combinations, from which each picture had to be named 24 times in 
a random order, adding to a total of 96 trials, halfway interrupted by a short break. 
Each of the four pictures in a set was inserted in a holder attached to one of the comers of a 
hard-plastic support (45 by 40 cm), placed directly in front of a computer display, thus leaving a 
central part of 15 by 10 cm of the latter uncovered (see Figure 1). The pictures remained in sight 
during all 96 trials of a block. The intertrial interval (ITI) was 1500 msec. Each trial started with 
a 1000 Hz tone of 100 msec indicating the appearance of an arrow in the central part of the 
screen, pointing in a random order to one of the four pictures on the frame (see Figure 1). As 
soon as the arrow appeared, the subjects had to speak the verbal label for the intended picture. 
The distance from arrow point to picture was equal (9 cm) for all positions. After 1 s the arrow 
disappeared from the screen, signaling to the subject the end of the trial. The subject was told to 
finish his response, even when the arrow had disappeared. Using a relatively short and fixed ITI, 
it was assumed that subjects would remain highly alert and willing to react as fast as possible to 
the Go-signal. This in contrast to the study by Peters et al. (1989), who used variable and 
relatively long ΓΤΙ and foreperiod durations. 
The monitor with the frame to which the pictures were attached was placed at a distance of 
1 m in front of the subject. The set-up of the picture-naming task, with pictures remaining in 
sight and an arrow pointing in one of four possible directions, was used to induce a strategy by 
which only the directional information of the pointing arrow was sufficient to name the picture 
at that particular frame position. Possible differences in visual complexity between the four 
pictures of a set could thus be minimized. Across subjects, the frame position of pictures 
representing a specific word size level was varied in a balanced order, to minimize a left to right 
and top to bottom gaze direction bias that might have influenced reaction times. 
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FIGURE 1. Schematic representation of the presentation screen for the picture naming task, showing the 
position of the picture frames and the part of the screen where the arrow was presented. 
In the word-naming task, apart from word selection criteria, there is no critical limitation 
on the number of different words that can be named, as in contrast to the picture naming task, 
where subjects first had to learn a particular picture-word combination. Therefore, the number of 
different words per word size level was increased to eight, adding to a total of 32 different 
words for this task. The ITI for the word-naming task was 2000 msec, that is, 500 msec longer 
than in the picture-naming task. Unfortunately, this task difference was not detected until after 
the experimental sessions, and therefore remained uncorrected3. 
Before the start of the word-naming task, subjects had to read aloud all the items that were 
to be used. In this way, errors due to incorrect pronunciation or linguistic stress assignment 
could be noticed and corrected. During the task, words were presented one by one in 1 cm 
uppercase letters in the central uncovered part of the screen. This setup was identical to the 
experimental setup of the word naming tasks of Peters et al. (1989), to allow for a more direct 
comparison. Every single word was repeated three times, resulting in (32 χ 3 =) 96 trials, 
presented in a random order, halfway interrupted by a short break. After 1 s, the word 
disappeared from the screen. 
Instrumentation. The presentation of the stimulus (arrow or word) on a monochrome 
(green) graphics monitor, the acoustic Go-signal, the starting and stopping of a 14 channel FM 
instrumentation recorder (TEAC), and the registration of voice-key reaction times, were under 
control of an Apple He microcomputer. Voice-key data were used by the experimenter to 
monitor the subject's reaction time, and were not displayed to the subject. 
The problem turned out to be caused by an incomplete software specification that controlled the generation of 
the stimuli in a so called "hidden" video mode. 
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Movements of the rib cage and abdomen were tracked by mercury strain gauges similar to 
those described by Cavallo and Baken (1985; see also Baken, 1987). The strain gauges were 
positioned across the anterior chest wall at the level of the nipples (thoracic signal) and the 
umbilicus (abdominal signal). Only temporal measures were taken. The output of the strain 
gauges was amplified by a bridge amplifier (Honeywell, Accudata 143). 
Vocal fold impedance for EGG measures, was recorded using a Fourcin Laryngograph 
(Fourcin, 1981). To this end, gold-plated circular electrodes were placed on the subject's skin, 
over the thyroid cartilage, one on each side, and equidistant from the midline. The electrodes 
were held in place by a velcro-fastened elastic band around the subject's neck. 
Lip EMG activity was recorded using small (.4 mm) silverball electrodes (San-ei Sokki, 
Inc.). These were attached bilaterally with flexible tape at the junction of the vermilion border 
for upper lip and lower lip, approximately 1.25 cm from the median raphe (cf. Peters et al., 
1989; Van Lieshout, Peters, Starkweather, & Hulstijn, 1993). For other purposes, not further 
discussed here, surface EMG electrodes (Beckmann) were positioned 3 cm lateral to and 
equidistant from the midline on the thyroid lamina at the level of the thyroid notch. For the 
EMG measurements a reference electrode was positioned on the skin covering the mastoid. 
EMG electrodes were connected to differential preamplifiers (Honeywell, EMG preamplifier). 
The output of the preamplifiers was fed to amplifiers (Honeywell, Accudata 135) set at a 
frequency range of 50 - 500 Hz. Analog EMG signals were rectified and integrated with a time 
constant of 40 msec. 
Finally, the acoustic speech signal was recorded using an AKG (type 451 E) condenser 
microphone, which was placed at approximately 30 cm in front of the subject's mouth. All 
signals, including a pulse signal indicating the start and stop of a trial, were recorded on the FM 
instrumentation recorder and in addition a hard copy of the signals was made by means of a 
seven channel polygraph recording (Elema-Schonander) with a high frequency cut-off of 700 
Hz, with a paper recording speed of 50 mm/s. 
Fluency criteria and data analysis 
Time measures, similar to those described by Peters et al. (1989) and Watson & Alfonso 
(1987), were taken from the polygraph paper recordings, using a Calcomp 2500 digitizer 
(resolution .4 mm), in combination with a cross-hair stylus, both connected to an Atari 1040 ST 
personal computer. For the purpose of this study, only those utterances were analyzed, that were 
perceptually judged to have been spoken fluently. As described in Peters et al. (1989), in order 
to be fluent an utterance had to satisfy two criteria. First, there should be no visible signs of 
struggle in the subject's face or body just before or during the trial sequence. Every instance of 
such signs was noted during the experimental sessions. Second, the utterance should not contain 
audible hesitations, prolongations, repetitions or any other perceptual sign of speech disfluency. 
During the experimental sessions, disfluencies were noted and checked afterwards by repeated 
listening to audio recordings of the subject's speech by an experienced speech-language 
pathologist. In total, 7.3% of the picture-naming data, and 3.2% of the word-naming data were 
classified as disfluent, and were excluded from further analysis. Next, all trials in which subjects 
made naming errors were excluded. In addition, for the respiratory, EGG and IEMG signals to 
be included, any signs of electrode movement artifacts, abnormal activity (e.g., a generalized 
excessive IEMG background activity), or any other signal disruptions, were required to be 
absent. This way, it was expected that in addition to recording artifacts, (clear) instances of 
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sub-perceptual stuttering could be excluded from the data. Subjects who stutter were not 
explicitly asked to indicate if they detected a (sub-perceptual) disfluency in their performance. 
This was done to prevent a bias in their data due to a dual-task situation in which a secondary 
task (monitor speech performance) would interfere with their performance on the actual naming 
task. 
An example of a trial displaying the temporal measures that were taken is shown in Figure 
2. All responses were analyzed twice and temporal markers had to be agreed on by both 
experimenters, according to the criteria mentioned below, before they were included in the final 
data analysis (see also Watson & Alfonso, 1987 for a similar method). Below, there is a list of 
temporal measures, that were used as dependent variables in the present study. For each measure 
the percentage of missing values is presented in parentheses (1152 trials = 100%). These 
missing values involve disfluent responses as well as naming and signal errors. For each 
measure, missing values are given separately for picture naming (PN) and word naming (WN), 
and for control speakers (NS) and persons who stutter (ST), as follows: 
Acoustic speech activity (microphone signal): 
1. Speech reaction time (RTs): the time between the onset of the Go-signal and the onset of the 
acoustic signal (NS: PN = 2.1%, WN = 7.5% ; ST: PN = 13.7%, WN = 12.9%). 
2. To calculate word duration, the offset of the acoustic signal was measured (NS: PN = 2.3%, 
WN = 8.1% ; ST: PN = 13.8%, WN = 12.9%). 
Motor events: 
Laryngeal/phonatory activity (EGG signal): 
1. Initial glottal closure: the time between the onset of the Go-signal and the onset of the first 
rapid oscillation in the EGG signal (NS: PN = 52.1%, WN = 52.6% ; ST: PN = 59.1%, WN 
= 58.6%). It should be noted that in most cases the initial glottal closure could only be 
measured for vowel onsets (see also Peters et al., 1989), which accounts for the high 
percentage of missing values. 
2. Onset of phonation: the time between the onset of the Go-signal and the onset of vocal fold 
oscillations in the EGG signal (NS: PN = 3.3%, WN = 10.9% ; ST: PN = 13.8%, WN = 
15.5%). 
Lip activity (lEMG signals): 
1. Upper lip IEMG latency: the time between the onset of the Go-signal and the onset of upper 
lip IEMG activity (NS: PN = 4.9%, WN = 9.0% ; ST: PN = 17.8%, WN = 16.9%). 
2. Lower lip IEMG latency: the time between the onset of the Go-signal and the onset of lower 
lip IEMG activity (NS: PN = 9.4%, WN = 11.5% ; ST: PN = 16.2%, WN = 17.7%). 
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Respiration activity (mercury strain gauge signals): 
1. Thoracic inspiration latency: the time between the onset of the Go-signal and the onset of a 
marked upward deflection4 in the thoracic trace (NS: PN = 4.0%, WN = 11.8% ; ST: PN = 
17.3%, WN = 15.6%). 
2. Thoracic expiration latency: the time between the onset of the Go-signal and the onset of a 
marked downward deflection in the thoracic trace (NS: PN = 4.0%, WN = 10.5% ; ST: PN = 
17.4%, WN= 14.9%). 
3. Abdominal inspiration latency: the time between the onset of the Go-signal and the onset of 
a marked upward deflection in the abdominal trace (NS: PN = 12.2%, WN = 18.5% ; ST: PN 
= 16.4%, WN= 14.6%). 
4. Abdominal expiration latency: the time between the onset of the Go-signal and the onset of 
a marked downward deflection in the abdominal trace (NS: PN = 12.1%, WN = 18.7% ; ST: 
PN = 16.4%, WN= 14.6%). 
Inspection of the data revealed no imbalances across word size levels that would have 
influenced the results of the analyses. As mentioned above, only the data of the first block for 
each subject in the picture-naming task were used. This was done to equate for the total number 
of trials (24) per word size level in the two naming tasks. Furthermore, it prevented a bias in the 
picture naming data due to a general sequence effect (practice, fatigue, transfer of training, etc.) 
that could affect word size effects across the four blocks, in spite of the counterbalancing of 
block order (cf. Winer, 1962). Such an effect was suggested by an inspection of voice-key 
reaction time data across the four blocks. Due to the balanced order of the four different word 
sets across subjects, group comparisons could be made without a systematic bias of a particular 
word set on word size effects. Although the number of trials per word size level was the same 
for both tasks, it has to be taken into account that due to the different task requirements (see 
above), each subject had only 3 repetitions per individual item (32 in total) in the word-naming 
task, as opposed to 24 repetitions per single item (4 in total) in the picture-naming task. Thus, 
within-block practice effects on single items will be stronger for picture naming. 
Statistical analysis 
Variations in initial sound might influence reaction times (Dembowski & Watson, 1991; 
Peters et al., 1989), but as already mentioned, in the experiment described here initial sound and 
word size levels were not confounded. Therefore, all data were pooled across the initial sound 
variations. 
In order to reduce susceptibility to outliers in the data, median values were calculated per 
subject (Ferguson, 1984), separately for each task and word size level, across a maximum of 24 
trials for each level. In case the median could not be calculated due to missing data, it was 
replaced by the group median value for that particular task's specific word size level. This 
strategy was used for 37 ( 1.9%) out of a total of 24 χ 2 χ 4 χ 10 = 1920 cells (i.e., 24 Subjects X 
2 Tasks X 4 Conditions [1 syl, 2 syl/s, 2 syl/m, 3 syl] X 10 Dependent variables). 
The onset of a deflection was defined as a point in time that was followed by a (continued) minimal rise 
(inspiration) or decline (expiration) in the signal of 1 mm within a 100 msec (5 mm) interval. 
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FIGURE 2. Examples of signals in the acoustic, phonatory, articulator)1, and respiratory domain for a 
typical trial, showing (1) onset of speech; (2) offset of speech; (3) onset of the initial glottal closure; (4) onset 
of glottal oscillations (phonation); (5) onset of upper lip IEMG; (6) onset of lower lip IEMG; (7) onset of 
thoracic expansion; (8) onset of thoracic compression; (9) onset of abdominal expansion; and (10) onset of 
abdominal compression. The original pen recordings have been traced for clear reproduction. 
Analyses of variance were performed separately for picture naming and word naming, 
following a two-factor mixed design with repeated measures on speech reaction time and word 
duration. Group (persons who stutter and matched control speakers) was the between-subject 
factor and word size (4 levels) formed the within-subject factor. F-values on word size main and 
interaction effects are based on the multivariate tests (Hotellings 7^). For significant group 
effects. Eta Squared (η ), that is, the percentage of the total variation that is attributed to group 
membership, and Omega Squared (ω ) values, that is, the percentage of total variation 
accounted for in the population from which the subjects were randomly sampled, as well as 95% 
confidence intervals {CI) and the percentage of subjects misclassified (PM) are given (see 
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Young, 1994, for more details). For word size main effects, planned post-hoc orthogonal 
comparisons were made on the difference between 2 syl/s and 2 syl/m words, between 
monosyllabic words and the average of polysyllabic words, and between the average of 
bisyllabic words (2 syl/s and 2 syl/m) and trisyllabic words. 
To test for group differences in relative timing, separately for each task, a multivariate 
step-down analysis of variance was used on the dependent measures mentioned in the listing 
above under the heading of motor events, ordered according to the temporal sequence shown by 
the control speakers (see also Figure 2). By removing the effects of previous variables on the 
F-value of a particular variable (not the first), the unique contribution of each variable to group 
differences can be estimated. In line with Stevens (1972) and Bochner and Fitzpatrick (1980), 
information on the between-variables correlations, as well as on the step-down univariate 
measure of association (η ) was added. 
In most studies on speech breathing the focus is on the timing of abdominal and thoracic 
compression onset (e.g., Baken & Cavallo, 1981; Baken, Cavallo, & Weissman, 1979; Hixon, 
Goldman, & Mead, 1973). For inspiration such a differentiation seems less crucial, and with 
respect to possible group differences, Watson and Alfonso (1987) showed that persons who 
stutter were not differentiated from control speakers in the timing of the onset of thoracic and 
abdominal expansion. Also, as indicated by Zemlin (1981), "In most persons, the abdomen and 
lower and upper thorax all expand during inhalation, but there is not much question that the 
region of predominant expansion may vary from individual to individual" (p. 115). Therefore, 
the average of abdominal and thoracic expansion onset was taken as a general estimate of the 
onset of inspiration. For all tests a significance level of .05 was used. 
Results 
Speech reaction time and word duration 
Picture naming. Figure ЗА shows the group and word size effects for persons who stutter 
and control speakers in the picture-naming task for the speech reaction time. The corresponding 
means and standard deviations can be found in Table 1. In general, when compared with the 
control speakers, persons who stutter showed significantly longer speech reaction times (group 
difference: 120 msec), F(l,22) = 6.66, ρ = .017, η 2 = 23.2, ω 2 = 19.1, CI = (23.54)-(215.96), 
PM = 29.8. Although word size did seem to have some influence, the main effect was not 
significant, F(3,20) = 2.51, ρ = .09, and neither was the group by word size interaction, F(3,20) 
= 1.32, ρ = .30. 
With respect to word duration (see Figure 3C and Table 1), it was found that persons who 
stutter had significantly longer durations than control speakers (group difference: 86 msec), 
F(l,22) = 9.30, ρ = .006, η 2 = 29.7, ω 2 = 25.7, CI = (27.71)-( 145.35), PM = 26.4. As could be 
expected, word size had a clear effect on execution time, F(3,20) = 201.08, ρ < .001. More 
interestingly, there was also a significant group by word size interaction, F(3,20) = 5.24, ρ = 
.008. Planned orthogonal comparisons revealed that this interaction effect was based on a 
significant group effect for the difference between the monosyllabic and the three polysyllabic 
words, F(l,22) = 13.13, ρ = .002. This indicates that persons who stutter compared with persons 
who do not stutter, showed a greater increase in word duration from monosyllabic to 
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polysyllabic words (see also Figure 3C). Also notice that for monosyllabic words, the group 
difference was very small (17 msec). 
Word naming. For the word-naming task, Figure 3B shows the effects for speech reaction 
time (see also Table 1). In contrast to the picture-naming task, there was no significant group 
effect, F(l,22) = 2.62, ρ = .12. The word size main effect was significant, F(3,20) = 17.60, ρ < 
.001, but as with the picture-naming task, the interaction with group was not, F(3,20) = .58, ρ = 
.63. Planned orthogonal comparisons on main word size effects, revealed a significant difference 
of 30 msec between monosyllabic words and the average of the polysyllabic words, F(l,20) = 
46.15,/7<.001. 
TABLE 1. Means and standard deviations (in parentheses) in msec of overall reaction time speech and word 
duration for persons who stutter and control speakers, separately for picture naming and word naming, and 
within each task for word size levels (1 syl = monosyllabic word, 2 syl/s = Disyllabic words with single 
consonant at second syllable onset, 2 syl/m = Disyllabic words with multiple consonants at second syllable 
onset, and 3 syl = trisyllabic words). 
Picture 
Naming 
Isyl 
2 syl/s 
2 syl/m 
3syl 
Reaction time 
Control speakers 
733 
(106) 
768 
(88) 
771 
(110) 
727 
(137) 
Persons who stutter 
867 
(105) 
854 
(118) 
909 
(186) 
850 
(124) 
Word duration 
Control speakers 
443 
(61) 
654 
(109) 
689 
(107) 
737 
(107) 
Persons who stutter 
460 
(62) 
737 
(62) 
808 
(101) 
864 
(87) 
Word 
Naming 
lsyl 
2 syl/s 
2 syl/m 
3syl 
539 
(77) 
563 
(89) 
582 
(83) 
577 
(87) 
604 
(92) 
627 
(101) 
632 
(95) 
632 
(103) 
418 
(53) 
618 
(64) 
660 
(62) 
736 
(67) 
488 
(69) 
750 
(65) 
805 
(80) 
895 
(89) 
For word duration, group and word size effects are shown in Figure 3D (see also Table 1). 
The group mean difference (127 msec) was significant, F(l,22) = 23.17, ρ < .001, η = 51.3, ω 
= 48.0, CI = (72.13)-(181.31), PM = 16.4, as was the expected main effect for word size, 
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F(3,20) = 301.80, ρ < .001. There was a significant group by word size interaction, F(3,20) = 
4.99, ρ = .01. Planned orthogonal comparisons revealed that this interaction, as in picture 
naming, was based on a significant group effect for the difference between monosyllabic and 
polysyllabic words, F(l,22) = 16.32, ρ = .001. As can be seen in Figure 3D, persons who stutter 
showed a greater increase in word duration for longer words in comparison with control 
speakers. Also, notice the longer word duration of persons who stutter (70 msec) for the 
monosyllabic words, as in contrast to the much smaller group difference found in picture 
naming. 
Reaction lime speech (In msec) 
900-
800-
700-
600-
500-
J00-
O—0 Control speakers 
•—» Persons who stutter 
1 s y l 2 s y l / a 2 з у і 
Word size 
Picture SamiMf 
m Э syl 
-
в 
о—© Control speakers 
* -* Persons who stutter 
Word Naming 
L s y l 2 syl/s 2 ьуілп 
Word size 
Ì syl 
Word duration (In msec) 
1000-
900-
800-
700-
600-
500 
400-
Ptelurt Naming 
100' 
» Control speaker; 
• Persons who stuiter 
Word Naming 
syl 2 sy l / s 2 syl/m 
Word size 
sy l / s 2 sylim 
Word size 
FIGURE 3. Data of persons who stutter and control speakers for monosyllabic words (1 syl), Disyllabic 
words with single consonant onset for the second syllable (2 syl/s), or multiple consonants onset for the 
second syllable (2 syl/m), and trisyllabic words (3 syl), for speech reaction time in the picture-naming task (Л) 
and the word-naming task (B), as well as for word duration in the picture-naming task (C) and the 
word-naming task (D). 
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Group differences in the relative timing of speech motor events 
Figure 4A shows the group differences on the sequencing and timing of respiratory, 
phonatory, and articulatory events for picture naming, and 3B for word naming. Group means, 
standard deviations, univariate F-values for group effect, including η , ω , CI, and PM values 
are given in Table 2. In addition, this table presents step-down F-values and step-down η 
values. For the step-down analysis, the dependent variables were ordered according to the 
sequence of motor events as shown by the control speakers for a particular task. Pearson 
product-moment correlations between the dependent variables are shown in Table 3, separately 
for picture naming and word naming. 
For picture naming, the univariate analysis showed significant group effects for the onset 
of upper lip IEMG, lower lip IEMG, phonation, and thoracic compression. The group difference 
in the onset of inspiration (140 msec) was nearly identical to the group difference in upper lip 
IEMG onset (142 msec), but due to its larger between-subject variation, its was not significant. 
As can be seen in Figure 4A for the initial glottal closure, persons who stutter did not show an 
overall delay of the same magnitude in all motor events. The data in Figure 4A also indicate that 
the delay in IEMG latencies was of the same magnitude as the delay in the onset of inspiration; 
however, the step-down analysis showed that after removing the inspiration effect, the adjusted 
F-value for the upper lip IEMG onset decreased, but remained significant. The Eta Squared 
value decreased from 30.2% to 21.6%. All other group effects, however, disappeared, as could 
be expected on basis of the high between-variables correlations. The only variable for which 
both groups, but especially the control speakers, showed relatively small correlations with other 
variables, was the onset of abdominal compression (Table 3). 
For word naming, significant group differences were only found for the onset of upper lip 
IEMG and the onset of thoracic compression (Table 2). As shown in Figure 4B, the delays for 
persons who stutter were smaller than in picture naming, and so were the group effects. This 
was also shown in the reaction time data. Results of the step-down analysis revealed that the 
group effects for upper lip and thoracic compression remained intact, although for the latter 
variable the adjusted F-value was only marginally significant (p = .054). The Eta Squared values 
for both variables increased slightly. For the onset of upper lip IEMG the (adjusted) Eta Squared 
value was somewhat higher in the word-naming task in comparison with the picture-naming 
task. Pearson product moment between-variables correlations in the word-naming task were 
comparable to the correlations found in the picture-naming task, except for the very low 
correlations found for the onset of inspiration in the data of the persons who stutter. The control 
speakers did not show such a striking difference, but as in picture naming, they did show low 
correlations for the onset of abdominal compression. 
With regard to the sequencing of motor events, both groups showed a similar pattern, with 
one exception: the interlip interval. In Figure 5, the means (and standard deviations) for this 
interval are shown, a negative value indicating that the lower lip came first. Group differences in 
picture naming, F(l,22) = 4.70, ρ < .05, η 2 = 17.6, ω 2 = 13.4, CI = (-48.94)-(-1.08), PM = 33.0, 
and word naming, F(l,20) = 5.38, ρ < .05, η 2 = 19.7, ω 2 =15.4, CI = (-66.41)-(-3.71), PM = 
31.9, were significant. 
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TABLE 2. Means and standard deviations (in parentheses) of all dependent variables (7) for persons who 
stutter and control speakers, univariate F-values (F) for group effect, including η , ω , the confidence 
intervals (CI) and the percentage of subjects misclassified (PM) values, as well as step-down F-values (F*), 
including step-down η values (η *), separately for picture naming and word naming. 
Picture 
naming 
Inspiration 
onset 
Upper lip 
IEMG onset 
Lower lip 
IEMG onset 
Initial glottal 
closure 
Abdominal 
compression 
onset 
Phonation 
onset 
Thoracic 
compression 
onset 
Control 
speakers 
28 
(222) 
532 
(92) 
547 
(96) 
661 
(93) 
739 
(111) 
782 
(104) 
931 
(158) 
Persons who 
stutter 
168 
(178) 
674 
(129) 
663 
(123) 
741 
(107) 
862 
(193) 
902 
(126) 
1124 
(178) 
F 
2 90 
9 50** 
661* 
3 74 
3 68 
6 52* 
7 89** 
η
2 
117 
30 3 
23 1 
14 5 
14 4 
22 9 
26 4 
w
1 
73 
26 2 
189 
103 
10 1 
187 
22 3 
CI 
(-30 47) -
(310 39) 
(46 23) -
(236 21) 
(22 46) -
(209 96) 
(-5 69)-
(164 07) 
(-9 92) -
(257 Ö6) 
(22 58) -
(217 64) 
(50 42) -
(334 92) 
PM 
36 3 
26 4 
30 2 
34 8 
34 8 
30 2 
28 4 
F* 
5 80* 
171 
06 
28 
44 
85 
η
ζ
* 
216 
79 
30 
15 
25 
51 
Word 
naming 
Inspiration 
onset 
Upper lip 
IEMG onset 
Lower lip 
IEMG onset 
Initial glottal 
closure 
Abdominal 
compression 
onset 
Phonation 
onset 
Thoracic 
compression 
onset 
-172 
(286) 
348 
(74) 
370 
(89) 
494 
(90) 
567 
(118) 
597 
(84) 
693 
(145) 
-109 
(320) 
435 
(93) 
422 
(88) 
571 
(113) 
617 
(169) 
654 
(90) 
821 
(132) 
25 
6 43* 
211 
3 40 
71 
2 59 
5 15* 
1 1 
22 6 
87 
13 4 
3 1 
105 
19 0 
-3 2 
185 
4 4 
9 1 
-12 
6 2 
147 
(-194 52)-
(318 90) 
(15 94)-
(158 96) 
(-22 48) -
(127 28) 
(-9 62)-
(163 38) 
(-73 25) -
(174 03) 
(-1641)-
(130 35) 
(1102)-
(246 00) 
46 0 
30 2 
38 2 
35 2 
43 3 
37 1 
32 3 
7 06* 
2 35 
14 
22 
55 
4 32* 
25 2 
10 5 
7 
12 
32 
213 
* ρ <.. 05;* *p S.01 
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Discussion 
In brief, it was found that during perceptually fluent speech, persons who stutter, when 
compared with matched control speakers, exhibited (a) longer reaction times, but this overall 
group effect was only significant for picture naming; (b) longer word durations, as shown by 
significant group effects in picture naming and word naming; (c) greater increase in word 
duration for longer words, as shown by a significant group by word complexity interaction in 
both naming tasks; (d) significant delays in the relative timing of specific motor events, in 
particular of the upper lip IEMG onset and of the onset of thoracic compression; and (e) a 
different order in lip onset (lower lip IEMG onset before upper lip IEMG onset). 
В 
Time (In mue) 
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-^^^ 
^ — • - " 
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Control speakers Persons who stutter Control speakers Persons who stutter 
FIGURE 4. Group differences in the temporal sequencing and timing of the onsets of inspiration, upper lip 
IEMG, lower lip IEMG, the initial glottal closure, abdominal compression, phonation, and thoracic 
compression, for the picture-naming task (A) and the word-naming task (B). 
Reaction time data 
The primary goal of the study described here was to provide support for the claim that 
persons who stutter are different from persons who do not stutter in the assembly of a motor 
plan for a verbal response (Peters et al., 1989). The most convincing evidence for such a claim 
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would have been a stronger group difference in speech reaction time for the polysyllabic words 
in comparison with the monosyllabic words. This interaction effect, however, was found neither 
in picture naming, nor in word naming, despite a significant difference in reaction time between 
monosyllabic and polysyllabic words in the latter task, which replicated the effect of word size 
found by Peters et al. (1989), although to a smaller extent. 
The overall group difference in reaction time was not as large as expected, and was 
significant only for picture naming. The latter finding is also not in line with the "motor plan 
assembly" hypothesis, because in the picture-naming task subjects had more practice on a small 
number of verbal responses compared with the word-naming task. If the assembly of motor 
plans is a problem for the persons who stutter, the strongest group effect in reaction time should 
have occurred in the word-naming task. 
The group difference in reaction time found in picture naming can have many different 
origins. For example, there is the possibility that it relates to the retrieval of semantic 
information (see also Van Lieshout, Hulstijn, & Peters, 1991), which is commonly believed to 
be a necessary stage in picture naming, in contrast to word naming (cf. Glaser, 1992). Or, it is 
also possible that the group difference in picture naming relates to processes that are involved in 
the building and retrieval of the associations between the pictures and their verbal labels. Such a 
suggestion was made by Bosshardt (1993), who found impaired recall and recognition 
performance for persons who stutter in comparison with matched control speakers. In sum, the 
task effect on group differences in reaction time found in the present study may indicate subtle 
differences between persons who stutter and control speakers in higher order (linguistic or 
memory) processing of verbal stimuli (cf. Rastatter & Dell, 1987). Alternatively, or perhaps in 
addition, there may be an influence at the level of motor processing, a possibility which will be 
discussed below. 
The present study does not corroborate earlier findings on difficulties which persons who 
stutter may have in the generation of abstract motor plans (Peters et al., 1989, but see also 
Postma & Kolk, 1993, for a recent review on this aspect). Of course, this negative result cannot 
be taken as a falsification of the hypothesis in question, but it does weaken its claim. Although it 
is always difficult to speculate about why an effect has not occurred, some aspects can be 
mentioned that seem relevant in trying to explain why the data from the present study may have 
failed to provide the evidence in favor of the motor plan assembly hypothesis. 
First, there are between-study differences in the manipulation of word complexity. Peters 
et al. (1989) compared one-syllable words with three- to four-syllable words, whereas in the 
present experiment the longest word had three syllables. In picture naming, the last syllable of 
the three-syllable words was a suffix indicating a plural, which is a very common word ending 
in Dutch. Thus, it is possible that the word size range used in the present study was too restricted 
to bring forward a clear group difference in reaction times for longer words. Furthermore, 
stimuli used by Peters et al. (1989), may have had lower word or syllable frequencies (see 
Levelt & Wheeldon, 1994), or may have been more difficult in their prosodie structure (see also 
Wingate, 1988). 
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TABLE 3. Pearson product moment correlations (N = 12) for persons who stutter (above the diagonal) and 
control speakers (below the diagonal) for all dependent variables (7), separately for picture naming and 
word naming. Significant correlations (p < .05) are printed bold. 
Picture 
Naming 
Inspiration 
onset 
Upper lip 
IEMG onset 
Lower lip 
IEMG onset 
Initial glottal 
closure 
Abdominal 
compression 
onset 
Phonation 
onset 
Thoracic 
compression 
onset 
Inspiration 
onset 
690 
657 
830 
544 
826 
585 
Upper lip 
IEMG onset 
715 
939 
870 
253 
907 
742 
Lower lip 
IEMG onset 
688 
986 
901 
415 
884 
731 
Initial 
glottal 
closure 
658 
824 
850 
481 
902 
760 
Abdominal 
compression 
onset 
428 
769 
805 
566 
384 
170 
Phonation 
onset 
702 
988 
983 
807 
787 
848 
Thoracic 
compression 
onset 
772 
697 
673 
549 
552 
643 
Word 
Naming 
Inspiration 
onset 
Upper lip 
IEMG onset 
Lower lip 
IEMG onset 
Initial glottal 
closure 
Abdominal 
compression 
onset 
Phonation 
onset 
Thoracic 
compression 
onset 
Inspiration 
onset 
691 
699 
665 
396 
768 
513 
Upper lip 
IEMG onset 
483 
939 
960 
416 
919 
543 
Lower lip 
IEMG onset 
480 
897 
889 
467 
883 
486 
Initial 
glottal 
closure 
454 
870 
870 
494 
957 
598 
Abdominal 
compression 
onset 
207 
784 
848 
737 
375 
-111 
Phonation 
onset 
259 
919 
916 
893 
894 
724 
Thoracic 
compression 
onset 
-428 
291 
263 
347 
390 
500 
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All these factors could influence the demands on the assembling of a motor plan. Some 
indication that processing demands may have been reduced in the present study may be found in 
the picture-naming task. In this task word size did not significantly effect reaction times. 
Furthermore, the fact that only a few items (4) were repeated a number of times (24) may have 
resulted in a working memory representation of their motor plans, assembled in the first trials of 
the task (see also Baddeley, 1990; Mitchell, 1989; and Monsell, 1984 for more detailed 
information on this matter). Practice, however, did not "destroy" all group by word size 
interaction effects, as can be seen for word duration. Perhaps, practice of a few different items 
had a stronger effect for the motor plan assembly stage compared with following stages in 
speech production, which may indicate that as far as group differences are concerned, the latter 
ones are more critical. 
| | Control speakers 
^ H Persons who stutter 
Interlip interval (in msec) 
25 
20-
15-
10-
5 -
0--
-5 -
-10-
Picture Naming Word Naming 
FIGURE 5. Mean interlip interval data for persons who stutter and control speakers in the picture-naming 
and word-naming task. Standard deviations are given in parentheses. 
The main effect of word size found in word naming suggests that in this task the creation 
of a motor plan was influenced by the number of syllables. The strongest difference is seen (see 
Figure 3B) between one- and two-syllable words, whereas the effect on reaction time of adding 
one more syllable or sound to a word seems to be of little consequence (see also Klapp & Wyatt 
,1976; Sternberg et al., 1978). The larger number of different items (36) and the small number of 
repetitions per item (3) makes a working memory account less likely here, so it is more likely 
(33.3) 
(31.9) 
1 | 
Upper 
Up 
First 
Lower 
lip 
first 
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that this effect reflects a true word size effect as was found in Peters et al. (1989). However, a 
possible effect of longer words on reading time (cf. Eviatar & Zaidel, 1991; Naveh-Benjamin & 
Ayres, 1986, but see Rossmeissl & Theios, 1982 and Hudson & Bergman, 1985) has to taken 
into account as well. 
Second, the issue of subject selection should be considered with regard to the present 
study's lack of demonstrating a group by complexity interaction effect. Both Dembowski and 
Watson (1991) and Watson et al. (1992) argued that word size effects can be quite different for 
individual persons who stutter, for example, "Stutterer subgroups might be distinguished by the 
presence, loci, and relative magnitude of cortical and/or subcortical abnormality in region(s) 
subserving speech production" (Watson et al., 1992, p. 560). Although Watson et al. also claim 
that stuttering severity is not systematically related to reaction time differences, Dembowski and 
Watson (1991) showed that severe cases of persons who stutter are effected more by word size 
than mild ones. In the present study, stuttering severity ranged from very mild to moderate. In 
principle therefore, it is possible that difficulty in assembling a motor plan did not show up in 
the data of the persons who stutter in the present experiment simply because they formed a 
subgroup who do not have such problems. Of course, this would also seriously weaken the 
generality of the motor plan hypothesis for people who stutter. Clearly, the definition of subjects 
and the choice of appropriate selection criteria in stuttering research is an important issue, as is 
the choice for stable parameters by which group differences can be detected reliably (see also 
Alfonso, 1990; Borden, 1990; Schwartz & Conture, 1988). With regard to the latter issue, it is 
interesting that although persons who stutter showed no evidence for a problem in the assembly 
of abstract verbal motor plans, they were different from control speakers in the relative timing of 
motor events. 
As regards the group differences found by Peters et al. (1989), there is one more aspect that 
has to be noted. In their study, Peters et al. did not check for the influence of breathing patterns 
on speech reaction times. In a recent paper, Winkworth, Davis, Ellis, and Adams (1994), 
showed that (normal) subjects tend to be very consistent in the timing of inspiration, and also 
that utterance size influences speech breathing. In the study by Peters et al. (1989) waiting 
periods between trials were variable and long (up to 10 s), especially in the sentence condition, 
which may have made their subjects uncertain about the proper moment to inhale. Therefore, to 
reduce this uncertainty, they may have tried to time the onset of inspiration to the presentation of 
the stimulus. In the present study, the between-variable correlations (Table 3) for the 
picture-naming task, showed that for both groups the timing of the onset of inspiration was 
related to the timing of later motor events, including the onset of phonation (see also Watson & 
Alfonso, 1987). In addition, the interval between inspiration onset and phonation was 
remarkably similar for persons who stutter (734 msec) and control speakers (754 msec). 
Together, these data seem to suggest, that in the picture-naming task the larger group difference 
in reaction time compared with word naming, had a clear origin in the onset of inspiration (but 
see also the alternative explanations mentioned above). A similar account might hold for at least 
part of the group effects found by Peters et al. (1989), thus shifting the focus from the stage of 
motor plan assembly to the stage of muscle command preparation. 
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Relative timing data 
Persons who stutter exhibited delays in the onset of upper lip IEMG. Although the group 
difference in the onset of inspiration was not significant, the average delay in inspiration was 
very similar to the delay found for the onset of upper lip IEMG. The influence of inspiration 
onset on the onset of upper lip IEMG (and later events as mentioned above) was also shown in 
the results of the step-down analyses. This corroborates earlier findings by Watson and Alfonso 
(1987). In their study, short preparation intervals seemed particularly to hinder their stuttering 
subjects' ability to appropriately begin inhalation, leading to significant delays in the laryngeal 
reaction times of persons who stutter. In the present study, intertrial intervals were 500 msec 
shorter for picture naming than for word naming, and, consistent with Watson and Alfonso 
(1987), the delay in the onset of inspiration was larger for picture naming, especially for the 
persons who stutter. It has to be noted, however, that the between-subject variability in the onset 
of inspiration was quite large in both tasks. 
In the step-down analyses, the group effect in the onset of upper lip IEMG, although 
attenuated, remained significant in both tasks after removing the effect of the onset of 
inspiration. The onset of lower lip IEMG was also delayed, but to a lesser extent than for the 
upper lip, which seems to explain the group difference in the order of upper lip and lower lip 
IEMG onset. The order aspect itself might be less crucial, since Gracco (1988) showed, that the 
order of synergistic muscle onsets can be variable across subjects (in his study normal speakers), 
and may be influenced by a number of factors, including small fluctuations in the excitability of 
motoneuron pools of the muscles in question. In this respect, it is important to notice the 
between-subject variability in the interlip interval data for both groups (see Figure 5). However, 
Gracco (1988) also indicated that at the same time the individual muscle onsets are adjusted in a 
consistent manner. This was taken as evidence that synergistic muscles are initiated by a 
common control signal, reflecting a functional relationship between individual articulators as 
part of a coordinative structure (see also Gracco, 1994; Saltzman & Munhall, 1989). In the 
present study, it was shown that across subjects (Table 3) there were co-variations in the onset 
of IEMG of synergistic articulators (upper lip and lower lip). Thus, if a given subject showed a 
delay in the IEMG onset of one lip, he would also show a delay in the other lip. The question 
remains, however, why persons who stutter would delay the onset of their muscle activity. 
To answer this question, another finding of Gracco (1988) warrants some attention. In his 
study, Gracco showed that there was a relationship between the timing of EMG onset and the 
use of biomechanical properties of the articulators, in particular elastic strain energy. He stated 
that "appropriately adjusted neural signals can interact with the release of elastic strain energy to 
increase movement speed, strongly influencing the "'efficiency' of rhythmic speech 
production." (p. 4637). More generally, normal speakers, just like highly skilled performers in 
other motor tasks, are highly capable of exploiting built-in dynamic constraints to reduce 
computational load and sensory information processing. This will make their movements more 
automated, and thus faster and/or more energetic (see Schmidt, 1988 for a detailed discussion of 
this topic). Persons who stutter, on the other hand, may have developed less efficient motor 
schemes or coordinative structures (e.g., Saltzman, 1991); or they may have an inherent unstable 
motor control system at the level of the supplementary motor area (SMA, e.g., see Watson et al., 
1992; Webster, 1990, 1993; see also Goldberg, 1985, for an extended discussion of the role of 
SMA in speech production); or they may have failed in low-level sensory-motor learning 
(Kalveram, 1993); or even have deficits in their sensory-motor integration capacities (Neilson & 
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Neilson, 1987, 1991). Whichever hypothesis will eventually prove to be valid, it seems that, in 
general, persons who stutter are at the low end of a verbal motor skill continuum (see also 
Prescott, 1988). Clearly, this might also involve the use of different motor control strategies, in 
which a stronger emphasis is placed on the monitoring function of proprioceptive feedback (see 
also De Nil, 1994; Hulstijn, Summers, Van Lieshout, & Peters, 1992; Hulstijn, Van Lieshout, & 
Peters, 1991; Van Lieshout et al., 1993; Van Lieshout, Alfonso, Hulstijn, & Peters, 1994). A 
predominantly feedback driven mode of motor control is more time consuming and puts 
restrictions on the range of movement speeds that can be dealt with effectively. In line with 
Gracco's (1988) ideas, this might explain the group difference in lip IEMG onset, as well as the 
group difference in word duration (see below), as found in the present study. Furthermore, if 
persons who stutter have to spend more attention5 (see also Arends, Povel, & Kolk, 1988) in 
evaluating sensory information in order to control their speech movements, this demand on 
attentional resources at the level of the speech motor act could interfere with the parallel 
processing of other (e.g., linguistic) sources of information (see also Nudelman, Herbrich, Hoyt, 
& Rosenfield, 1989, 1991; Peters & Starkweather, 1990; Webster, 1990, 1993; see also 
Näätänen, 1992, for a more general review on parallel processing capacities in humans). 
Word duration data 
In the present study, persons who stutter had longer word durations than control speakers, 
in particular for longer words. Pindzola (1987) found that persons who stutter tend to spend 
more time than control speakers in static articulatory positions, which she explained by 
assuming that persons who stutter delay the initiation of co-articulatory movements. Such a 
delay could arise when persons who stutter first complete the execution of one motor unit (e.g., 
a syllabic gesture, see Levelt & Wheeldon, 1994), and before proceeding, remain in a relatively 
steady articulatory state-position for a variable amount of time, awaiting incoming sensory 
information to adjust forthcoming muscle commands. It was mentioned above that persons who 
stutter may use this motor control strategy to compensate for a reduced verbal motor skill. 
Neilson and Neilson (1991) suggested that the reduced verbal motor skill of persons who stutter 
is based on their problems in integrating sensory-motor information and "as a consequence of 
this deficiency the stutterer must either spend longer in evaluating the sensory-motor 
relationships involved in speech, evaluate them less precisely, or deploy additional resources at 
the expense of other concurrent functions" (p. 155). The first suggestion was discussed above, 
that is, persons who stutter spend longer in evaluating the sensory-motor relationships. If 
persons who stutter depend more strongly on the integration of sensory-motor information, the 
almost continuous need for updating this information during speech production should be a 
function of word size, because longer responses need more often updating. This could explain 
the group by word size interaction effect that was found for word duration in the study described 
here. Practice, on the other hand, should facilitate the integration of this kind of information 
(e.g., see Kalveram, 1993; Zimmermann & Hanley, 1983; and also, Schmidt, 1988; Verwey, 
1994, for a general discussion of practice effects on motor control and movement execution), 
which might explain the stronger overall group difference in word duration for word naming 
(less practice per item) in comparison with picture naming (more practice per item). These word 
The word "attention" is used in a general sense, not necessarily denoting a conscious mental activity (see also 
Webster, 1993). 
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duration effects might relate to the task effect on group differences for the onset of thoracic 
compression. В aken and his colleagues (Baken et al., 1979; Baken, McManus, & Cavallo, 1983; 
Cavallo & Baken, 1985) argue that the timing of chest wall adjustment is important in regulating 
ventilatory pressures during the act of speaking. Thus, the onset of thoracic compression may 
play a major part in the processing of sensory-motor information. 
Recently, McClean, Levandowski, and Cord (1994), found that highly disfluent subjects 
who had received intensive speech treatment tend to show longer movement durations, which 
was attributed to compensatory adjustments to facilitate fluent speech. In the present study it is 
argued that a reduced movement speed might reflect a predominantly feedback driven mode of 
motor control. It is possible, that in the way speech behaviors are modified in these kind of 
programs (e.g., by using prolonged speech), the use of this motor control strategy is implicitly 
encouraged (see also Alfonso, Kalinowski, & Story, 1991). In essence, these programs are 
trying to help the person who stutters to learn new verbal motor skills. McClean et al. (1994) 
also found evidence that highly disfluent stuttering subjects without a history of intensive speech 
therapy did not show the same increase in timing durations as highly disfluent stuttering subjects 
with a treatment history. Rather, they showed a reduced variability in timing durations, which 
was attributed to an excessive sensory-motor coupling deficit as modeled by Kalveram (1993). 
Although this is quite opposite to the suggestion of the present study that persons who stutter 
have less well-developed motor skills and as a result may show a stronger emphasis on the use 
of sensory information in motor control, it clearly stresses the importance of sensory-motor 
integration as a major topic in future stuttering research. 
To conclude, results of the present study do not support the hypothesis that persons who 
stutter differ from persons who do not stutter in the assembly of abstract motor plans for speech. 
The findings do suggest that there may be a group difference in the preferred type of motor 
control strategy. The reason for this difference is as yet unknown. However, there is growing 
evidence that the integration of sensory-motor information may be a crucial factor to consider in 
this respect. 
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Appendix 
Stimuli, including the English translation between parentheses, used in the word-naming task and the 
picture-naming task, for monosyllabic words (1 syl), bisyUabic words with single consonant onset for second 
syllable (2 syl/s), or multiple consonants onset for second syllable (2 syl/m), and trisyllabic words. 
Word-naming task 
1 SYL 
oor 
(ear) 
oogst 
(harvest) 
oost 
(east) 
oer 
(bog) 
buur 
(neighbour) 
boor 
(drill) 
maag 
(stomach) 
meet 
(starting/end point) 
Picture-naming task 
1 SYL 
oor 
(ear) 
oer 
(bog) 
meer 
(lake) 
bier 
(beer) 
2 SYL/S 
oorlam 
(drink-ration) 
oogstlied 
(harvest song) 
oostkant 
(eastside) 
oerdier 
(prehistoric animal) 
buurman 
(male neighbour) 
boorkop 
(drill head) 
maagpijn 
(stomach-ache) 
meetlat 
(measuring staff) 
2 SYL/S 
oorbel 
(ear ring) 
oertaal 
(primitive language) 
meerval 
(sheatfish) 
bierkan 
(Jug) 
2 SYL/M 
oorschelp 
(ear-shell) 
oogstster 
(female harvester) 
oostblok 
(east block) 
oerbron 
(prehistoric well) 
buurpraat 
(gossip) 
boorschoen 
(drill brace) 
maagstreek 
(gastric region) 
meetschip 
(measuring ship) 
2 SYL/M 
oorsprong 
(origin) 
oerschreeuw 
(primal cry) 
meertros 
(mooring rope) 
bierstraal 
(jet of beer) 
3SYL 
oorkonde 
(charter) 
oogstverlof 
(harvest-leave) 
oostpassaat 
(north-east trade wind) 
oergezond 
(very healthy) 
buurjongen 
(boy neighbour) 
boordevol 
(brimfull) 
maagholte 
(stomach cavity) 
meetsignaal 
(measuring signal) 
3SYL 
oorlellen 
(ear lobes) 
oerwouden 
(jungles) 
meerpalen 
(mooring posts) 
biertonnen 
(beer barrels) 
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Abstract 
The main purpose of the present study was to differentiate between people who stutter 
and control speakers as regards their ability to assemble motor plans and their ability to 
prepare (and execute) muscle commands. Adult males who stutter, matched for age, 
gender, and educational level with a group of control speakers, were tested on naming 
words and symbols In addition, their ability to encode and retrieve memory 
representations of combinations of a symbol and a word, was tested in a recognition 
task, using manual reaction times and sensitivity scores, as defined in signal detection 
theory, as performance measures Group differences in muscle command preparation 
were assessed from electromyographic recordings of upper lip and lower lip Results 
indicated that persons who stutter and controls did not differ in their ability to assemble 
motor plans or to recognize previously learned symbol-word combinations. However, 
they were significantly different in the timing of peak amplitudes in the integrated 
electromyographic signals of upper lip and lower lip (IEMG peak latency) Findings 
are taken to question the validity of the "motor plan assembly" hypothesis In addition, 
it is argued that the group differences in IEMG peak latency that were found in the 
present study, are better understood in terms of motor control strategies than in terms of 
motor control deficits One of the basic mechanisms in speech motor control that in this 
respect needs more attention in future research is the role of sensory-motor integration 
Introduction 
One of the current interests in stuttering research concerns the difficulties persons who 
stutter may have in the planning of speech. In general, this "planning" hypothesis of stuttering is 
thought of in terms of linguistic (phonological) deficits (e.g., Postma & Kolk, 1993), but in this 
study it is argued that such an interpretation of planning is too narrow, in particular with regard 
to the relevance of motor aspects in explaining differences in speech production between people 
who do and who do not stutter. 
Reviewing the literature on speech planning deficits in persons who stutter, it is apparent 
that speech planning is rarely defined in a very strict manner. For example, different labels are 
used to describe the process(es) by which articulatory commands for speech production are 
generated. Those authors who focus on the linguistic aspects of speech planning prefer to use 
the term "phonological planning" (Levelt, 1989; Postma & Kolk, 1993). Others, who focus on 
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the motor aspects of speech planning, prefer the term "motor programming" (e.g., Klapp, 1977, 
Peters, Hulstijn, & Starkweather, 1989, Shaffer, 1984, Sternberg, Monsell, Knoll, & Wright, 
1978). Whether or not these terms actually refer to the same processes, is not clear. The 
confusion becomes even greater, in view of the fact that the terms planning and programming 
can also be used to describe processes strictly within the domain of motor processing. For 
example, Van Mier (1992) uses the term "planning" to denote processes related to the creation 
and subsequent short term storage of an abstract motor plan in which the order of movements is 
specified (see also Hulstijn & Van Galen, 1988). Programming, on the other hand, is seen by 
Van Mier (1992) to involve processes related to the translation of abstract motor plans into 
muscle specific commands. Recently, Verwey (1994) presented a model in which programming 
received yet another meaning, denoting the specification of kinematic variables, a process that 
was assumed to occur before the processes that were referred to by the term "programming" 
used by Van Mier (1992). In sum, planning and programming are rather ambiguous terms. 
Therefore, in the present study this ambiguity will be avoided, as in a previous paper (Van 
Lieshout, Hulstijn, & Peters, 1995), by defining two consecutive stages in speech (motor) 
production as follows. The first stage, the motor plan assembly stage, refers to all processes that 
are involved in assembling or creating an abstract motor plan (see also Levelt, 1989; Verwey, 
1994). In line with Levelt and Wheeldon (1994), it is assumed that this stage includes a 
linguistic and a motor substage. The linguistic substage involves the construction of abstract, 
syllabified phonological descriptions (phonological words) as determined by a language-specific 
sound system. In the motor substage, the phonological syllables generated in the linguistic 
substage are used to retrieve or to create abstract motor specifications, which together form the 
motor plan for the entire utterance. The idea of a long term memory buffer for verbal motor 
templates, the "syllabary" as it is called by Levelt and Wheeldon (1994), finds a direct parallel in 
long term motor memories for other types of movement sequences as described in models on, 
for example, handwriting (cf. Van Galen, 1991). 
The second stage, the muscle command preparation stage, refers to all processes that are 
involved in the translation of the motor plan, generated in the motor plan assembly stage, in 
specific muscle instructions, which are needed to activate the speech motor effector system (see 
also Verwey, 1994; Van Galen, 1991). Needless to say that this stage is normally, although not 
necessarily, followed by the execution of the prepared muscle commands. While discussing the 
findings in the literature that motivated the present study, the terms that were used by the 
authors of those studies (mostly planning or programming) will be ignored, when referring to 
the stages that were described above (motor plan assembly and muscle command preparation). 
The claim that people who stutter suffer from deficits in the assembly of speech motor 
plans, was first introduced by Peters et al. (1989), and more recently it was further developed by 
Postma and Kolk (1993) and others (Bosshardt. 1990, 1993; Hubbard & Prins, 1994; Wijnen & 
Boers, 1994). One major finding in favor of this claim is the increase in group differences in 
speech reaction time for longer words (Dembowski & Watson, 1991; Peters et al., 1989; 
Watson, Pool, Devous, Freeman, & Finitzo, 1992). Such an effect can be expected if persons 
who stutter have problems in assembling motor plans, since longer words have more units 
(syllables or phonemes) that need to be assembled. However, the group by word size interaction 
effect may be different for subgroups of persons who stutter (Dembowski & Watson, 1991; 
Watson et al., 1992), and in a previous study (Van Lieshout et al., 1995) it did not occur at all. 
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Clearly, there is a need for further evidence that persons who stutter in general differ from 
persons who do not stutter in the ability to assemble motor plans for speech. 
One aspect that needs to be considered, is the fact that group differences in speech 
reaction time may have their origin at later stages of speech production, in particular at the stage 
of muscle command preparation (see also Van Lieshout et al., 1995). For example, in simple 
reaction time studies, where most, if not all, motor plan assembly processing can be completed 
before the presentation of the stimulus (e.g., see Watson & Alfonso, 1983), people who stutter 
still show significant delays in speech reaction time (see Adams, 1985; Peters et al., 1989 for 
reviews) or in the onset of motor activity (e.g., Peters et al., 1989; Watson & Alfonso, 1987). In 
addition, they may differ from controls in their coordination of individual articulators (Alfonso, 
1991; Caruso, Abbs, & Gracco, 1988; Hulstijn, Van Lieshout, & Peters, 1991; Van Lieshout, 
Alfonso, Hulstijn, & Peters, 1994) or in the way they control muscle force (Freeman & 
Ushijima, 1978; Shapiro, 1980; Van Lieshout, Peters, Starkweather, & Hulstijn, 1993). Of 
course, such group differences in motor control can also affect movement durations, and, in a 
more indirect way, speech durations (Borden, 1983; Healey & Ramig, 1986; McMillian & 
Pindzola, 1986; Pindzola, 1987; Schäfersküpper & Dames, 1987; Starkweather & Meyers, 1979; 
Van Lieshout et al., 1995; Zimmermann, 1980). 
In the study described here, the main purpose was to find evidence that persons who 
stutter may differ from control speakers in their ability to assemble motor plans and/or in their 
ability to prepare (and execute) muscle commands. To this end the following experiment was 
performed. First, a group of persons who stutter were tested on word naming, using a choice 
reaction time paradigm. In word naming, subjects have to generate the pronunciations of words 
from their written form (e.g., see Jared & Seidenberg, 1990), without the necessity of activating 
higher order (semantic, conceptual) processes (Glaser, 1992; Glaser & Glaser, 1989; Theios & 
Amrhein, 1989). The claim of Peters et al. (1989), that people who stutter have problems in 
assembling abstract motor plans, was based on their finding of a group by word size interaction 
in choice reaction times in a word-naming task. More syllables affect the time demands on the 
phonological syllabification process and the retrieval of motor templates from the syllabary 
(Levelt & Wheeldon, 1994), although it has to be noticed that there is no simple monotonie 
relationship between word size levels and reaction time (e.g., Klapp & Wyatt, 1976; Sternberg 
et al., 1987; Van Lieshout et al., 1995). Still, it is interesting to know if and how a wider range 
of word size levels will affect reaction times of a group of persons who stutter differently than a 
group of matched controls. Therefore, in the present experiment, word size was varied 
systematically in number of syllables, ranging from one to four syllables. Of course, using a 
choice reaction time paradigm, it is possible that longer words have an effect on reading time 
too (Eviatar & Eran-Zaidel, 1991; Naveh-Benjamin & Ayres, 1986, but see Hudson & Bergman, 
1985; Rossmeissl & Theios, 1982), however, there is no reason to expect that people who stutter 
differ from control speakers in the input processing of printed word stimuli (see also Peters et 
al., 1989). 
Next, subjects had to learn a combination of a word and a novel abstract shape (symbol), 
which had no conceptual relationship to the word at all (see Brennan & Cullinan, 1976; Levelt 
& Wheeldon, 1994, for a similar paradigm). The most important reason to use this rather 
unusual paradigm instead of a standard picture naming task with normalized pictures (cf. 
Snodgrass & Vanderwart, 1980), was to avoid a restriction on the words, namely to those that 
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can be depicted (Levelt & Wheeldon, 1994). In this type of task, the effect of word size on the 
assembling of motor plans is no longer confounded by the physical appearance of the stimulus, 
as is the case in word naming (see above). As such, it appears to be a more suitable task to test 
the "motor plan assembly" hypothesis (see also Van Lieshout et al., 1995). Of course, this 
paradigm also forces subjects to elaborate on the coding strategies in order to memorize 
successfully the correct combination (cf. Kyllonen, Tirre, & Christal, 1991; Paivio, 1971, 1991). 
It is possible that people who stutter differ from controls in their ability to encode and retrieve 
linguistic information (Bosshardt, 1993; Carpenter & Sommers, 1987; Moore, 1986; Moore, 
Craven, & Faber, 1982; Rastatter & Dell, 1987). Therefore, once subjects mastered the 
combinations, they were tested on their recognition performance for the correct symbol-word 
combinations, by using manual reaction times, as well as response measures as defined in signal 
detection theory (Green & Swets, 1966; McNicol, 1972). The use of manual reaction times 
allowed the testing of recognition performance without a possible influence of naming 
processes. In this, it is assumed that people who stutter do not significantly differ from control 
speakers in making a simple finger response (Borden, 1983; Hulstijn, Summers, Van Lieshout, 
& Peters, 1992; Postma & Kolk, 1991; Till, Reich, Dickey, & Seiber, 1983; but see Cross & 
Luper, 1983; Starkweather, Franklin, & Smigo, 1984). The most obvious limitation of the 
symbol-word paradigm is the number of combinations that can be learned within a session. In 
the present study only four symbol-word pairs were used, which is in line with other studies 
(Levelt & Wheeldon, 1994; Van Lieshout et al., 1995). 
The recognition task was followed by a symbol-naming task, in which subjects had to 
name the correct label on the presentation of a symbol (see also Brennan & Cullinan, 1976; 
Levelt & Wheeldon, 1994). It has to be noticed that this task combines the processing demands 
of the word-naming task and the recognition task, in the sense that it requires the retrieval of the 
correct symbol-word combination, the assembly of the motor plan for the intended word, and 
finally, the preparation and execution of the muscle commands. It is therefore possible, that the 
combination of these processing demands creates a kind of "overload" situation for persons who 
stutter, as suggested by the "interference hypothesis" (Peters & Starkweather, 1990), in which it 
is claimed that the parallel processing at higher (memory/linguistic) and lower (motor) levels, 
may interfere with the performance at either level, or at both levels (see also Webster, 1993). 
To test more specifically for group differences in the stages of muscle command 
preparation and execution, as mentioned above, integrated electromyographic (EEMG) 
recordings of the upper lip and lower lip were taken. This could only be done for one half of the 
experimental stimuli, namely for those words that had a voiced bilabial onset (/b/ or /m/). The 
other words started with a voiced apico-alveolar onset (/n/ or lai). From the integrated (I)EMG 
signals two measures were taken. The first measure, that is, the interval between the onset of 
upper lip and lower lip IEMG, can be used as an index for inter-articulator coordination. People 
who stutter compared with controls, have been found to show a different lip order and/or longer 
interlip interval durations (cf. Hulstijn et al., 1991; Van Lieshout et al., 1995; see also Conture, 
Colton, & Gleason, 1988). The second measure, that is, the interval between the onset of lip 
IEMG and the time of its peak amplitude (IEMG peak latency), is claimed to be sensitive to 
differences in the type of motor control strategy that is used (Gottlieb, Coreos, & Agarwal, 
1989; Gracco, 1988; 1994). In an earlier study (Van Lieshout et al., 1993), a group of persons 
who stutter showed significant delays in this measure in comparison to matched controls. 
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In sum, the present study was designed to determine whether a group of persons who stutter 
would differ from a group of control speakers in: 
1. The assembly of abstract motor plans, as shown by a stronger increase in word and symbol 
naming latencies for longer words. 
2. The building and retrieval of memory representations for specific symbol-word 
combinations, as shown by a lower level of recognition performance. 
3. The parallel processing of memory retrieval (see 2) and word naming (see 1), as shown by 
larger group differences in symbol naming compared with word naming. 
4. The sequencing and relative timing of upper lip and lower lip IEMG onset, as shown by a 
different interlip order and/or longer interlip interval durations. 
5. The timing of upper lip and lower lip IEMG peak amplitudes, as shown by longer IEMG 
peak latencies. 
Method 
Subjects 
In the experiment, 12 adult males who stutter participated (mean age 24.2 years, SD = 
3.4, range 19-31 years), matched to 12 control speakers for age (mean 23.3 years, SD - 3.1, 
range 19-30 years), sex, and educational level. All subjects had normal hearing acuity, normal 
language and voice quality, and normal vision. None of the persons who stutter had been in 
treatment over at least the last year preceding the start of the experiment. They were all selected 
from a clinical population of people who stutter known to the speech department of the ENT 
clinic of the academic hospital in Nijmegen. 
Stuttering severity was determined by three experienced speech-language pathologists 
using the Stuttering Severity Instrument (SSI, Riley, 1972) scores on oral reading and 
conversational speech, which were both recorded on video prior to the experiment. From the 
persons who stutter, 7 were classified as very mild, 4 as mild, and 1 as moderate. All subjects 
were volunteers paid for their participation. 
Design and procedure 
Stimuli. Words and symbols (Figure A in Appendix) that were used in the experiment 
are listed in the Appendix. All words were low-frequency nouns (< 10/million), based on 42 
million tokens in CELEX, a computerized Dutch lexical database (Bumage, 1990). In total, 16 
different words were used, which varied systematically along two dimensions, that is, in size 
(one, two, three, and four syllables) and consonant-vowel word onset (bilabial consonant: /bi:/ 
and /me:/; alveolar consonant: /do:/ and /na:/). Two experimental sets of four words each were 
assigned to a subject, such that in each set the four words differed in consonant-vowel onset and 
size, and were not semantically related to any of the other words in the set. In combining the two 
word sets, the four levels of word size and the two levels of initial consonant sound category 
(bilabial versus apico-alveolar) were fully crossed. The order of word sets was balanced across 
subjects. The variation in word onset was used to prevent subjects from adopting a fixed a-priori 
lip position. The voiced bilabiale were used to include measures for lip IEMG activity. The 
147 
Chapter 4 
mean number of graphemes was 4.0 (SD = 0.0) for the one-syllable words, 7.5 (SD = 0.6) for the 
two-syllable words, 10.0 (SD = 0.0) for the three-syllable words, and 14.5 (SD = 0.6) for the 
four-syllable words. 
For the symbol-naming task, line drawings of novel (nonsense) patterns were used (see 
Appendix, Figure A), matched for complexity and size. Only those patterns were selected that, 
according to a small panel of subjects (four randomly chosen female graduate psychology 
students who did not participate in the experiment and were naive as to its goals), did not show a 
consistent association with a particular word of the experimental stimuli. In this way, all 
selected line patterns (referred to as "symbols", although they were not real symbols in a strict 
sense) were neutral with respect to the target words of the experiment, and could be combined at 
random with any of them. Furthermore, the panel was asked to group symbols that to their 
accord were more or less similar. From the symbols that were consistently grouped together, and 
thus might get confused, the symbol that had the most distinctive features compared with the 
other symbols outside the group, was chosen. For the experiment none of the selected 16 
symbols was consistently paired with a particular combination of an initial phoneme and a word 
size level across subjects. In sum, several steps were taken to minimize a systematic bias in 
reaction times as a function of the stimulus (symbol) that was used to cue the paired response 
word. 
Procedure. Before the start of the experiment, the persons who stutter were asked to read 
aloud a standard text and, subsequently, they were engaged in a brief dialogue with the 
experimenter. These speech tasks were video taped and used afterwards for estimating stuttering 
severity. 
Subjects were informed about the use of surface EMG electrodes before they received 
written task instructions. Small surface EMG electrodes were attached bilaterally with flexible 
tape at the junction of the vermilion border for upper lip and lower lip, approximately 1.25 cm 
from the median raphe, which is a standard procedure at the Nijmegen research lab (see also 
Peters et al., 1989 and Van Lieshout et al., 1993). A microphone was placed at approximately 30 
cm in front of the subject's mouth. 
In general, three aspects were emphasized in the instructions. First, upon hearing the 
warning sound, the subject had to inhale through his mouth. Second, until the stimulus was 
presented, he had to keep his lips in an open position. In this way the initial upper and lower lip 
configuration was similar for all subjects. Third, when the stimulus was presented, 
simultaneously with a high pitched tone, he had to respond as fast as possible, except in the 
learning session, where accurate responding was more critical than fast responding. Between 
two series of tasks, subjects could take a break. During the experiment, subjects were seated 1 m 
from the monitor. They performed in the presence of one of two experimenters; the other 
experimenter controlled the equipment in an adjacent room. 
Tasks. The experiment consisted of two series of three different tasks (and a learning 
session) in a fixed order, all using a choice reaction time paradigm. For each series of tasks, a set 
of four different words was used. The first task was a word-naming task. All four words of a set 
were presented 24 times in a random order, yielding 96 trials, halfway interrupted by a short 
break. Following the successful completion of the word-naming task, the subjects were 
familiarized with four symbol-word pairs that had to be learned for the next tasks, by showing 
the selected combinations on 10 by 15 cm index-cards. Then a learning session started, to 
enable the subjects to build associations between the symbol and the target word. During this 
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learning session a symbol was presented on the screen for each trial. The subjects had to name 
the correct target word. After the response was given, the correct word appeared on the screen 
underneath the symbol. Each pair was presented 12 times in a random order. All subjects had to 
satisfy the criterion of naming the four correct verbal labels five times in a row before they 
could proceed to the next task (see also Brennan & Cullian, 1976; Levelt & Wheeldon, 1994). 
The next task was a recognition task. Subjects were shown simultaneously a symbol and, 
underneath it, one of the four target words. By pressing a button with their right or left index 
finger, they had to indicate whether or not the displayed combination was correct, that is, was 
one of the four pairs previously learned. The chance of seeing a correct pair was fifty percent. 
There were 48 such trials in a random order. Since it can be expected that the yes-response is 
faster than the no-response (e.g., Kroll & Potter, 1984), the yes-response was always given with 
the dominant hand, which in general is assumed to deliver the faster manual response (Bashore, 
1981; Webster & Ryan, 1991). Finally, in the symbol-naming task, the subjects were asked to 
name the correct verbal label for the symbol on the screen. The number of trials was the same as 
for the wprd reading task. 
In all these tasks, except the learning session, subjects were encouraged to respond as fast 
as possible. In the word naming, recognition, and symbol-naming task, this was emphasized by 
giving the subjects visual feedback on voice-key reaction times. These voice-key data were only 
used for feedback purposes, and not for further analysis. In all tasks (including the learning 
session) a trial onset was signaled by a low-frequency beep (500 Hz, 500 msec), followed by a 
500 msec interval in which the subject was explicitly instructed to inhale. This instruction was 
meant to prevent a bias towards group differences in reaction times that actually reflect group 
differences in the onset of inspiration (Van Lieshout et al., 1995; Watson & Alfonso, 1987). 
After the 500 msec silent interval a high-frequency beep (2000 Hz, 100 msec) was 
presented simultaneously with the stimulus (word or symbol) to which the subject had to 
respond (manually or verbally) as fast as possible. After 2 s the stimulus disappeared from the 
screen, The next trial started after a silent intertrial interval (ΓΓΙ) of 2 s during which visual 
feedback was given on reaction time (word naming, recognition, and symbol naming), or in 
which the correct target word was shown (learning session). 
Before the start of the first task (word naming), subjects received 20 practice trials with 
stimuli that were not used in the experiment proper. These trials were not further analyzed. 
Symbols and words were presented in the central part of a 18 by 24 cm rectangle screen at a 
viewing distance of 1 m, using uppercase letters of about 1 cm height for the words. 
Instrumentation. The presentation of the stimuli (words or symbols), the warning and 
reaction tones, the starting and stopping of the data recording equipment, and the registration of 
voice-key reaction times, were under control of an IBM PS2/30 micro-computer, connected to 
two (monochrome) monitors, one in front of the experimenter, the other in front of the subject. 
Lip EMG activity was recorded using small (.4 mm) silverball electrodes (San-ei Sokki, 
Inc.). For the EMG measurements a reference electrode was positioned on the skin covering the 
mastoid. EMG electrodes were connected to differential preamplifiers (Honeywell, EMG 
preamplifier). The output of the preamplifiers was fed to amplifiers (Honeywell, Accudata 135) 
set at a frequency range of 20 - 2500 Hz. Finally, the speech signal was recorded using an AKG 
(type 451 E) condenser microphone. All signals, including a pulse signal indicating the start and 
stop of a trial, were recorded on a 14 channel FM instrumentation recorder (TEAC) at a running 
speed of 9.52 cm/s (frequency range 0-2500 Hz). Key-press responses were recorded by means 
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of special keys that needed a force of about 120 g and a displacement of 2 mm to be depressed 
(Hulstijn et al., 1992). 
Fluency criteria and data analysis 
Only those utterances were analyzed that were judged to have been spoken fluently. This 
was done to prevent the measures from being contaminated with influences of stuttering events. 
Stuttering frequency data were not used to access the influence of word size, because in this type 
of experiment the number of disfluencies is limited and varies considerably among stuttering 
individuals, making a statistical analysis on such data rather dubious. Furthermore, the 
sensitivity and reliability of such a measure is limited compared with the other measures used in 
the present experiment (see also Van Lieshout et al., 1995). As described in Peters et al. (1989), 
in order to be fluent, an utterance had to satisfy two criteria. First, there should be no visible 
signs of struggle in the subject's face or body just before or during the trial sequence. Every 
instance of such signs was noted during the experimental sessions. Second, the utterance should 
not contain audible hesitations, prolongations, repetitions, or any other perceptual sign of 
disfluency. During the experimental sessions, disfluencies were noted and checked afterwards 
by careful listening to audio recordings of the subject's speech. Next, all trials in which subjects 
made naming errors were excluded. In addition, for the EMG signals to be included, there had to 
be no signs of electrode movement artifacts or abnormal activity (e.g., a generalized excessive 
EMG background activity) of any kind. These criteria were used rather strictly, so that those 
trials which were only marginally suspicious were left out of the analysis. This way it was 
assumed that instances of sub-perceptual stuttering could be traced as well. Stuttering subjects 
were not asked to indicate whether they experienced a sub-perceptual stutter that might have 
gone unnoticed by the experimenter. Such an instruction could have biased the results, because 
it could easily create a kind of dual-task situation for the persons who stutter, that is, they not 
only have to perform the experimental task, but in addition they have to monitor carefully their 
(inner) speech to detect (c)overt disfluencies (see also Van Lieshout et al., 1995). For the 
word-naming task in total 5.03% of the data for the controls, and 11.94% of the data for the 
persons who stutter were left out of the analysis. For the symbol-naming task the percentages 
were 14.93% for the control speakers, and 19.31% for the persons who stutter. Clearly, the 
symbol-naming task induced more errors than the word-reading task. For the recognition task, 
errors (incorrect yes- or no-response) were determined automatically by software. Together with 
the correct manual responses, these error data were used to evaluate the recognition performance 
of the persons who stutter and their matched controls. 
Speech and EMG signals from the FM instrumentation recorder were bandpass filtered 
(EMG: 20-500 Hz; Audio: 80-2500 Hz, all with 48 dB/octave) before being digitized at 2500 Hz 
(EMG) or 5000 Hz (Audio), and their gain was set to an optimized value (± 5 V). Voice onset 
and voice offset were used as time measures for speech reaction time and word duration, thus 
enabling the use of a limited frequency band (80-2500 Hz) for the audio signal (see also Watson, 
Freeman, and Dembowski, 1991 for a similar procedure). After being digitized, the EMG 
signals were software rectified and low-pass filtered between 15 and 40 Hz. Both raw and 
integrated EMG signals were displayed during the analysis (see also Figure 1). 
Speech and IEMG time measures were determined automatically using an algorithm in 
which the onset or offset (only for audio) of a signal was defined at a 5% level of the optimized 
range (± 5 V) above a calculated noise level (mean + 3 χ standard deviation) for a number of 
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trials within a set of data for a given naming task (thus: onset = noise level + 50 mV). All 
automatically derived onsets were visually checked and corrected if necessary (see also Gracco, 
1988). Once the onset of the ŒMG signals was determined, an automatic algorithm was used to 
find the IEMG peak amplitude in the interval between IEMG onset and the onset of speech. In 
Figure 1, an example of a typical trial is shown, illustrating the temporal markers for the voice 
onset, voice offset, the onset of upper lip and lower lip IEMG activity, as well as the temporal 
location of the IEMG peak amplitude for both lips. 
Audio 
FIGURE 1. Typical example of acoustic and (I)EMG signals for one response, showing (1) onset of speech, 
(2) offset of speech, (3) onset of upper lip IEMG, (4) temporal location of upper lip peak IEMG amplitude, 
(5) onset of lower lip IEMG, and (6) temporal location of lower lip peak IEMG amplitude. 
Dependent variables 
Recognition task. To analyze the recognition task performance two measures were used 
that are derived from signal detection theory (Green & S wets, 1966; McNicol, 1972). The first 
measure is the nonparametric sensitivity score P(A), indicating how well subjects can make 
correct judgments while avoiding making incorrect ones. This sensitivity score is based on the 
probabilities of hits and false alarms (for exact formula see McNicol, 1972, p. 115). With high 
levels of sensitivity, the distribution of this score will be skewed, which might affect the analysis 
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of variance. Therefore, as recommended by McNicol (1972), all P(A) scores were transformed, 
according to the formula: 
2arcsitiy/P(A) 
Over a wide range of values, these transformed P(A) scores can be used as an approximation to 
d', which is a sensitivity measure, reflecting the distance between the mean of the signal 
distribution and the mean of a noise distribution (McNicol, 1972). 
A second measure for recognition performance is bias, that is "the extent to which the 
observer favors one hypothesis over another independent of the evidence he has been given" 
(McNicol, 1972, p. 11). The total number of "yes"-responses was used as a nonparametric 
bias-score. Both measures of recognition performance were also used by Bosshardt (1993), 
although he did not mention the transformation for the P(A) scores. Next to these recognition 
measures, manual reaction time was used as a performance measure. 
Word-naming and symbol-naming task. For word naming as well as for symbol 
naming, speech reaction time was used as an overall performance measure. For the words with a 
bilabial consonant onset, two IEMG measures were calculated. First, the interval between upper 
lip and lower lip IEMG onset (interlip interval = lower lip IEMG onset - upper lip IEMG onset; 
a negative value indicates that the lower lip came first). Second, the interval between 
(upper/lower) lip IEMO onset and the temporal location of the IEMG peak amplitude {IEMG 
peak latency). These IEMG measures were used to evaluate group and word size differences as 
regards the stages of muscle command preparation and execution (see also Gottlieb et al., 1989; 
Gracco, 1988). For the latter stage a more general measure, that is, the interval between onset 
and offset of voice (yoke duration), was also used. 
Statistical analysis 
In order to reduce susceptibility to outliers in the data, the median values (Ferguson, 
1984) were calculated across the repetitions of individual items, separately for each task. In case 
the median could not be calculated due to missing data, it was replaced by a value calculated 
according to a method described in Winer (1962, p. 282). This strategy was used 101 times out 
of a total of 36864 cells (= .27%). 
For the recognition task, transformed P(A) scores, bias scores, number of hits (maximum 
of 12 per word) and false alarms (maximum of 6 per Word) were analyzed in singular analyses 
of variance, with word size (4 levels) as within-subject factor and group (persons who stutter vs. 
control speakers) as between-subject factor. For the manual reaction times the analysis of 
variance followed a four-factor mixed design with repeated measures, using group as 
between-subject factor, and word size (4 levels) and response type (2 levels) as within-subject 
factors. 
For the word-naming task as well as for the symbol-naming task, the analysis of variance 
followed a two-factor mixed design with repeated measures on speech reaction times and voice 
durations, using group as between-subject factor, and word size (4 levels) as within-subject 
factor. Variations in the initial phonemes of a word can influence reaction times (cf. Dembowski 
& Watson, 1991; Peters et al., 1989), but the design of the present experiment was such (see 
above) that word size levels and initial phoneme were not confounded. Therefore, data were 
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pooled across the words with alveolar and bilabial initial phonemes, except of course for the 
IEMG measures. For the latter, separate analyses of variance were performed for the words with 
initial bilabial consonant, using a two-factor mixed design with repeated measures on the 
interlip interval and upper lip and lower lip IEMG peak latencies, using group as 
between-subject factor, and word size (4 levels) as within-subject factor. F-values reported for 
word size main effects, as well as for word size interaction effects are based on multivariate tests 
(Hotellings Τ ) of significance (see also Rietveld & Van Hout, 1993). 
For group main effects, F-values and significance levels will be supplemented with Eta 
Squared (η ) and Omega Squared (ω ) percentage values, as well as 95% Confidence intervals 
(CI), and the percentage of proportion misclassified (PM) subjects (see Young, 1994 for more 
details). The latter index reflects the degree of overlap between the distribution for the persons 
who stutter and their matched counterparts; the higher the overlap, the more difficult it is to 
differentiate between members of the two groups. For all tests a significance level of .05 was 
applied. 
Results 
The results are presented in two major sections. The first section presents the data for the 
recognition task, and the second section presents the data for the word-naming and the 
picture-naming task. For the recognition task the sensitivity data will be given first, followed by 
the data of the manual reaction times. For the naming tasks, the acoustic data (speech reaction 
time and voice duration) will be given first, followed by the IEMG data (interlip interval and 
peak latency). 
Recognition task 
Sensitivity measures. Table 1 shows the means and standard deviations of the 
transformed sensitivity P(A) score, the bias score, the number of false alarms and the number of 
hits for group (persons who stutter and control speakers) and word size (4 levels). On the P(A) 
index the persons who stutter and the controls were not found to be different, F(l, 22) = 1.21, 
and contrary to the expectations, the average value for the persons who stutter (2.72) was even 
slightly higher than the average value for the control speakers (2.63). Similarly, there were no 
group effects for bias, F(l, 22) = .84, the number of false alarms, F(l, 22) = 1.85, and the 
number of hits, F(l, 22) = .14. Main effects for word size were not significant, although the 
transformed P(A) score showed a trend, F(3, 20) = 2.68, ρ < .08. A planned post-hoc polynomial 
comparison indicated a third-order (cubic) component, F(l, 22) = 8.44, ρ < .01, which reflected 
a higher sensitivity score for the combinations with bisyllabic words (2.72) compared with the 
other combinations (one-syllable words: 2.59, three-syllable words: 2.60, and four-syllable 
words: 2.62). No other effects were found to be significant (F < 2). 
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TABLE 1. Means (and standard deviations) of transformed sensitivity index P(A), bias scores (Bias), number 
of false alarms (FA), and number of hits (Hits) of control speakers (CS) and persons who stutter (ST) for one 
(1 syl), two (2 syl), three (3 syl), and four (4 syl) syllable words. 
lsyl 
2 syl 
3syl 
4 syl 
P(A) 
CS 
2.59 
(.32) 
2.72 
(.28) 
2.60 
(.31) 
2.62 
(.30) 
ST 
2.58 
(.38) 
2.83 
(.26) 
2.64 
(.25) 
2.82 
(.27) 
Bias 
CS 
5.92 
(.82) 
6.42 
(.70) 
6.08 
(.95) 
6.17 
(.78) 
ST 
6.04 
(.92) 
5.87 
(.43) 
6.33 
(.65) 
5.83 
(.58) 
FA 
CS 
.62 
(.38) 
.71 
(.72) 
.67 
(.72) 
.67 
(.58) 
ST 
.75 
(.50) 
.25 
(.26) 
.67 
(.49) 
.29 
(.33) 
Hits 
CS 
5.29 
(.28) 
5.71 
(.40) 
5.42 
(.63) 
5.50 
(.60) 
ST 
5.29 
(1.08) 
5.62 
(.43) 
5.67 
(.39) 
5.54 
(.54) 
Manual reaction time. Table 2 lists the means and standard deviations of the manual 
reaction times for group, response type (yes/no), and word size. Persons who stutter (798 msec) 
and controls (790 msec) did not differ from each other in their overall manual reaction times, F= 
.03. In general no-responses (836 msec) took longer than yes-responses (751 msec), F(l,22) = 
33.51, ρ < .001. There was a trend for an overall main effect for word size, F(3, 20) = 3.06, ρ < 
.06, and, in addition, there was a group by word size interaction effect, F(3, 20) = 3.63, ρ < .05, 
showing a longer reaction time for persons who stutter in the one-syllable condition (800 msec) 
compared with the control speakers (743 msec). For the polysyllabic words, group differences 
were much smaller. Persons who stutter were faster for the two-, three-, and four-syllable words 
(8, 1, and 13 msec, respectively). Since a significant interaction between word size and response 
type was also found, F(3, 20) = 11.87, ρ < .001, simple main effects for word size were tested 
separately for the yes and no-responses. For the yes-responses there was a significant main 
effect for word size, F(3, 20) = 9.07, ρ < .001, which was not found for the no-responses, F(3, 
20) = .97. A planned post-hoc polynomial comparison for the main effect of word size for the 
yes-responses, revealed a quadratic component, F(l, 22) = 26.1, ρ < .001, denoting longer 
manual reaction times for the yes-responses for two- (810 msec) and three-syllable (779 msec) 
words, in comparison to one- (700 msec) and four-syllable (710 msec) words. For the yes-, nor 
for the no-responses, was there a first order interaction between group and word size. As can be 
seen in Table 2, the interaction between group and word size that was found when pooled across 
response type (see above), seems to be primarily based on the group difference (75 msec) found 
for the no-responses in the monosyllabic condition. 
Naming tasks 
Acoustic data: Word naming - reaction times. Figure 2A shows the means (and 
standard deviations) of the acoustic reaction times for group and word size. Persons who stutter 
(443 msec) had longer reaction times than their matched controls (418 msec), but this group 
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difference was not significant, F(l, 22) = .96. There was a main effect for word size, F(3, 20) = 
34.80, ρ < .001, but no interaction with group, F(3, 20) = .57, as can be seen in Figure 2A. 
Planned post-hoc polynomial comparisons for the main word size effect revealed a 
significant linear, F(l, 22) = 89.11, ρ < .001, and cubic component, F(l, 22) = 14.40, ρ < .001. 
There was an increase (26 msec) in speech reaction time between one- and two-syllable words 
and also between three- and four-syllable words (13 msec), but there was no clear difference 
between two- and three-syllable words. 
TABLE 2. Means (and standard deviations) of manual reaction times for yes- and no-responses of control 
speakers and persons who stutter for one (1 syl), two (2 syl), three (3 syl), and four (4 syl) syllable words. 
1 syl 
2 syl 
3syl 
4 syl 
YES 
Control 
speakers 
681 
(133) 
809 
(178) 
788 
(150) 
729 
(131) 
Persons who 
stutter 
720 
(109) 
811 
(139) 
770 
(61) 
702 
(60) 
NO 
Control 
speakers 
806 
(130) 
844 
(195) 
816 
(158) 
844 
(147) 
Persons who 
stutter 
881 
(174) 
825 
(150) 
832 
(141) 
844 
(156) 
Acoustic data: Word naming • voice durations. Means (and standard deviations) for 
voice durations are listed in Figure 2C. As a group, persons who stutter (469 msec) had longer 
voice durations than their matched counterparts (436 msec). However, this group effect was not 
significant, although there was a trend, F(l, 22) = 3.16, ρ < .10. There was a main effect for 
word size, F(3, 20) = 338.06, ρ < .001, but no interaction with group, F(3, 20) = .36, as shown in 
Figure 2C. Planned post-hoc polynomial comparisons for the word size effect revealed a clear, 
although trivial significant linear component, F(l, 22) = 1065.00, ρ < .001, but in addition there 
was a cubic component, F(l, 22) = 43.56, ρ < .001. The latter effect is based on the fact that the 
increase in voice duration between two and three syllable words was smaller (130 msec) than 
the increase between one- and two-syllable words (193 msec), and the increase between three-
and four-syllable words (207 msec). This findings seems to parallel the small difference in 
speech reaction time between two- and three-syllable words (see above). 
Acoustic data: Symbol naming - reaction time. Means and standard deviations of 
acoustic reaction time for group and word size are shown in Figure 2B. compared with the 
word-naming task (430 msec), average naming times were slower in the symbol-naming task 
(666 msec). This is a well documented effect for naming pictures (symbols) in comparison with 
naming words (Glaser, 1992; Smith & Magee, 1980; Theios & Amrhein, 1989). Persons who 
stutter as a group were 8 msec slower than their matched controfs, a group difference which was 
not significant, F(l, 22)= .08. There was a significant word size main effect, F(3, 20) = 21.12, ρ 
< .001, but as in word naming, there was no interaction with group, F(3, 20) = .45. Planned 
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post-hoc polynomial comparisons for the word size effect revealed a linear, F(l, 22) = 27.35, ρ 
< .001, and a quadratic component, F(l, 22) = 23.31, ρ < .001. Speech reaction time increased 
between one- and two-syllable words (74 msec), remained practically the same ( 1.2 msec) for 
two- and three-syllable words, and showed a small decrease (9 msec) between three- and 
four-syllable words. In sum, there was a clear dichotomy between monosyllabic words and 
polysyllabic words. 
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FIGURE 2. Speech reaction times (and standard deviations) for control speakers and persons who stutter for 
word size (one-, two-, three-, and four-syllable words), in word naming (A) and symbol naming (B); also 
voice durations (and standard deviations) for control speakers and persons who stutter for word size (one-, 
two-, three-, and four-syllable words), in word naming (C) and symbol naming (D). 
Acoustic data: Symbol naming - voice durations. Means and standard deviations of 
voice durations for group and word size are shown in Figure 2D. On average, group differences 
in voice durations were the same as found for the word-naming task (control speakers: 437 
msec, persons who stutter: 470 msec), but again, the effect was not significant, F(l, 22) = 2.77. 
As can be expected, there was a strong main effect for word size, F(3, 20) = 444.44, ρ < .001, 
but no interaction with group, F(3, 20) = .20. Planned post-hoc polynomial comparisons for the 
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main effect of word size showed the expected linear component, F(l, 22) = 1430.00, ρ < .001, 
and similar to word naming, there was also a cubic component, F(l, 22) = 29.12, ρ < .001. The 
increase in voice duration between two- and three-syllable words was smaller (128 msec) than 
the increase between one- and two-syllable words (192 msec), and the increase between three-
and four-syllable words (203 msec). So, for word naming and picture naming the word size 
effect on voice durations was nearly identical, as were the absolute durations for each word size 
level (compare Figures 2C and 2D). 
IEMG data: Word naming - interlip interval. Means (and standard deviations) of the 
interlip interval data for group and word size are shown in Table 3. Persons who stutter (21.0 
msec) and matched control speakers (16.7 msec) showed no significant difference in size or sign 
of the interval, F(l, 22) = .51. Word size had a significant effect on the interlip interval, F(3, 20) 
= 3.70, ρ < .05. Planned post-hoc polynomial comparisons indicated a significant linear 
component, F(l, 22) = 7.19, ρ < .05, showing on average a decrease of the interval for longer 
words. A significant group by word size interaction was not found, F(3,20) = .58. 
IEMG data: Word naming - peak latency. Means and standard deviations of IEMG 
peak latency for both lips for group and word size are shown in Table 3. A significant group 
effect (22 msec longer peak latency for persons who stutter) was found for the upper lip, F( 1, 
22) = 7.98, ρ < .01, η 2 = 26.6, ω2 = 22.5, CI = 5.8 - 37.9, PM = 28.1 %, but not for the lower lip, 
F(l, 22) = 1.82, although the group difference was only slightly smaller (16 msec longer for 
persons who stutter). Word size had a significant effect on upper lip IEMG peak latency, F(3, 
20) = 4.35, ρ < .05, and lower lip EMG peak latency, F(3, 20) = 8.44, ρ < .001. Planned 
post-hoc polynomial comparisons showed a quadratic component, F(l, 22) = 8.93, ρ < .01, for 
upper lip, and a linear, F(l, 22) = 10.43, ρ < .01, and quadratic component, F(l, 22) = 13.15, ρ < 
.001, for the lower lip. For the upper lip, IEMG peak latencies for one- (67 msec) and 
four-syllable (69 msec) words were shorter as for two- (78 msec) and three-syllable (73 msec) 
words. For the lower lip, IEMG peak latencies showed a steady increase for two- (13 msec) and 
three-syllable (12 msec) words, but a decrease of 17 msec for the four-syllable words. These 
effects were similar for persons who do and who do not stutter, as shown by a nonsignificant 
group by word size interaction effect, F(3, 20) = .58. 
IEMG data: Symbol naming - interlip interval. Means and standard deviations of the 
interlip interval data for group and word size are shown in Table 3. Persons who stutter (10.8 
msec) and control speakers (19.1 msec) showed no significant difference in size or sign of the 
interval, F(l, 22) = .67. Word size did not have a significant effect on the interlip interval, F(3, 
20) = .95, as in contrast to the word-naming task, and neither was there an interaction with 
group, F(3, 20) = .87. 
IEMG data: Symbol naming - peak latency. Means and standard deviations of IEMG 
peak latency for group and word size are shown in Table 3. Significant group effects were found 
for upper lip, F(l, 22) = 7.50, ρ < .05, η 2 = 25.4, ω 2 = 21.3, Cl = 5.3 - 38.5, PM = 28.8%, and 
lower lip. F(l, 22) = 9.40, ρ < .01, η 2 = 29.9, ω 2 = 25.9, CI = 8.3 - 42.8, PM = 26.4%, showing 
longer intervals for the persons who stutter (group difference for the upper lip: 22 msec; for the 
lower lip: 26 msec). There was no main effect for word size for the upper lip, F(3, 20) = .85, or 
lower lip, F(3, 20) = .78. Also the interaction between word size and group was nonsignificant 
for upper lip, F(3, 20) = 1.82, and lower lip, F(3, 20) = .75. 
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TABLE 3. Means (and standard deviations) for the interlip interval (Interlip = lower lip IEMG onset - upper 
lip IEMG onset) and the IEMG peak latencies (Peak Lat) for upper lip (UL) and lower lip (LL) for control 
speakers (CS) and persons who stutter (ST) for one- (1 syl), two- (2 syl), three- (3 syl), and four- (4 syl) 
syllable words of the word-naming (WN) and symbol-naming (SN) task. 
WN 
lsyl 
2 syl 
3syl 
4 syl 
SN 
lsyl 
2 syl 
3 syl 
4 syl 
Interlip 
CS 
18 
(7.1) 
19 
(Π) 
16 
(17) 
15 
(9.0) 
17 
(22) 
27 
(37) 
21 
(18) 
11 
(21) 
ST 
21 
(18) 
26 
(22) 
22 
(3D 
15 
(18) 
11 
(24) 
22 
(39) 
.42 
(55) 
9.8 
(36) 
Peak Lat - UL 
CS 
59 
(9.6) 
63 
(15) 
64 
(18) 
58 
(12) 
68 
(15) 
65 
(15) 
68 
(25) 
64 
(21) 
ST 
75 
(23) 
93 
(33) 
83 
(27) 
80 
(30) 
80 
(24) 
101 
(31) 
85 
(21) 
86 
(34) 
Peak Lat - LL 
CS 
50 
(33) 
60 
(39) 
70 
(45) 
55 
(28) 
59 
(17) 
60 
(24) 
60 
(28) 
62 
(32) 
ST 
61 
(19) 
77 
(30) 
92 
(43) 
72 
(23) 
76 
(38) 
87 
(31) 
98 
(39) 
83 
(33) 
Discussion 
To summarize the results of the present study, thereby focusing on group differences, the 
following findings are of interest. First, persons who stutter were not found to be different from 
control speakers in recognition performance. Second, they showed no significant differences 
with control speakers in naming, even though there were clear main effects of word size in both 
the word-naming and picture-naming task. Third, group differences in voice durations were not 
significant, although for word naming there was a statistical trend for longer voice durations in 
the persons who stutter. Fourth, the persons who stutter were not different from their matched 
counterparts in the size or sign of the interlip interval. Finally, persons who stutter showed 
longer IEMG peak latencies, in particular for the upper lip. These findings and others will be 
discussed in relation to the five issues mentioned in the introduction of the present study. 
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1. Do persons who stutter have problems in assembling abstract motor plans? 
The most direct answer to this question can be found in the reaction time results of the 
word-naming and symbol-naming task. It was expected that if persons who stutter need more 
time to assemble a motor plan, this should be most evident for the longer words, since they 
contain more syllables, and thus put time demands on the phonological syllabification and 
syllabary retrieval processes (Levelt, 1989; Levelt & Wheeldon, 1994). Word size indeed 
affected naming latencies in both tasks, but not in a very simple linear way (see also 
Introduction). Although there was always a clear difference in reaction time between 
monosyllabic and bisyllabic words, adding a syllable to a word that already has more than one 
syllable, did not automatically increase reaction time. One way of explaining these two 
observations is by assuming that for words with more than two syllables, the subjects could 
choose to start executing these first two syllables, while simultaneously finishing the processing 
for the last (two) syllable(s). Klapp and Wyatt (1976) already mentioned this possibility and, 
more recently, Verwey (1994) discussed this issue in great detail. As indicated by Verwey 
(1994), a clear indication for such on-line processing is a decrease in reaction time for longer 
sequences. The data from the present experiment showed examples of this effect, especially in 
the symbol-naming task. For word naming, the increase in speech reaction time for the 
four-syllable words, not found in symbol naming, could reflect an effect of reading time (Eviatar 
& Eran-Zaidel, 1991; Naveh-Benjamin & Ayres, 1986, but see Hudson & Bergman, 1985; 
Rossmeissl & Theios, 1982). Furthermore, as mentioned by Verwey (1994), practice could 
enhance this on-line processing, and the subjects in the present study had some practice on just 
four different words for each series of tasks. Thus, it seems that the word size effects found in 
the present study, can be explained by a combination of advance processing and on-line 
processing as regards motor plan assembly. In this light, it is interesting to notice that Levelt and 
Wheeldon (1994) claim that for bisyllabic words, the response can only be initiated after the 
retrieval of the final (second) syllable from the syllabary. The data from the present study seem 
to corroborate their claim for bisyllabic words, but not for longer words. 
The most important aspect is the fact that in the present study group differences and word 
size showed no significant interaction, neither in naming latencies, nor in voice durations. If 
persons who stutter have problems in assembling motor plans (cf. Bosshardt. 1990, 1993; 
Hubbard & Prins, 1994; Peters et al., 1989; Postma & Kolk, 1993; Wijnen & Boers, 1994), the 
present study shows that this seems not the case for the individuals who stutter that were tested 
in the present experiment. This replicates the findings of a previous study (Van Lieshout et al., 
1995), in which persons who stutter and their matched controls also failed to show a differential 
effect for word size. There, the possibility was mentioned that the stimuli might have been too 
restricted in their demands on motor plan assembling, or that the persons who stutter in that 
study were simply forming a subgroup in the stuttering population without such problems. The 
same arguments could be used for the data of the present study, but this second failure in finding 
support for the "motor plan assembly" hypothesis with different stimuli and a different group of 
persons who stutter, seems a serious threat to its validity. 
159 
Chapter 4 
2. Do people who stutter have problems in building memory representations for symbol-
word combinations? 
In the recognition task, the subjects had to indicate whether or not a displayed 
symbol-word combination was previously learned. To be able to do so, they had to learn to build 
associations between the stimulus (symbol) and the response (word). The use of the recognition 
task was inspired by the claim that persons who stutter have problems in memory encoding and 
retrieval of linguistic stimuli (Bosshardt, 1993; Carpenter & Sommers, 1987; Moore, 1986; 
Moore, Craven, & Faber, 1982). In the present study, there was no support for this claim. 
Recognition performance as measured by the same indices that were used by Bosshardt (1993), 
did not show that persons who stutter had more problems in recognizing the correct stimulus 
pairs than control speakers. On the contrary, they even had somewhat higher sensitivity scores, 
although the group effect was not significant. The same was found for the manual reaction 
times. If persons who stutter have more difficulties in the encoding and retrieval of the 
appropriate associations between a symbol and a word, then it could be expected that they 
would take or need more time to decide whether or not the displayed combination was one of 
the four combinations previously learned. However, they did not. One could argue that the 
symbol-word combinations were perhaps too easy to bring forward the problems persons who 
stutter may have in memory encoding and retrieval. However, such an explanation seems 
unlikely in light of the clear effects of word size on manual reaction time. Indeed, a study by 
Brennan and Cullinan (1976) showed that "long words as opposed to short words may be more 
difficult to learn as names [to a symbol] and more difficult to retrieve from storage" (p. 151). 
Furthermore, the use of abstract line patterns (cf. Nagata, 1986) and low frequency nouns can be 
expected to increase the load on memory encoding and retrieval. 
3. Do persons who stutter have more problems when memory retrieval and naming are 
combined, as in symbol naming? 
The present study shows no evidence that persons who stutter have more problems than 
matched controls in either naming a word from print or recognizing a symbol-word combination 
that was previously learned. But perhaps the combination of both processes could create a 
processing overload situation for the persons who stutter (examples of so-called "interference" 
theories can be found in Nudelman, Herbrich, Hoyt, & Rosenfield, 1989; Peters & Starkweather, 
1990; and Webster, 1993), which might elicit group differences and/or group by word size 
interaction effects. As already mentioned, the data from the present study do not support this 
assumption, and in fact, the group difference in symbol naming was smaller than the group 
difference found for word naming. This is in clear contrast with the findings of a previous study 
(Van Lieshout et al., 1995), where group differences in speech reaction times were stronger for 
picture naming compared with word naming. In that study, this effect was explained by 
assuming that (a significant) part of it was related to a task effect on group differences in the 
onset of inspiration, showing delays for persons who stutter in picture naming. In the present 
experiment, the influence of inspiration onset was counteracted by specifying the precise 
moment where subjects were expected to inhale. The absence of group differences in symbol 
naming (and word naming) seems to support the assumption that in the previous experiment task 
related group differences were primarily due to the timing of inspiration (see also Watson & 
Alfonso, 1987). 
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Thus far, the data of the present study do not provide a positive answer to the first three 
questions. Persons who stutter showed no clear indication that they have problems in the 
assembling of motor plans, in the encoding and retrieval of memory representations, or in the 
combination of both processes. By using the word "problems" a reference is made to a (claimed) 
deficit, that is, to a group difference that could relate to an impairment (see also McClean, 1990; 
Smith, 1990). In the final part of this discussion a closer look will be given at the data that refer 
to motor control aspects, and in doing so, it is argued that group differences as found in the 
present study are probably better understood in terms of motor control strategies, instead of 
motor control deficits. 
4. Do persons who stutter have problems in the sequencing and relative timing of upper lip 
and lower lip IEMG onset (interlip interval)? 
In a previous study (Van Lieshout et al., 1995), a significant group difference in the 
interval between upper lip and lower lip IEMG onset was found, both in word naming and 
picture naming. In the present study, no such difference was found. In a way, this seems to 
adhere to the controversy in the literature about group differences in inter-articulator 
coordination (Alfonso, 1991; De Nil, 1994; Van Lieshout et al., 1994). The idea that the 
sequencing and relative timing of articulatory movements is fairly critical as regards the 
successful completion of a motor act, derives from several studies by Abbs and Gracco and 
associates (see Gracco, 1994, for a recent review). In general, it is claimed that "the timing or 
phasing of contiguous movement phases is an important mechanism for modifying speech 
movements for certain phonetic differences" (Gracco, 1994, p. 15). As such the speech motor 
system is a flexible system, and different articulatory tasks (e.g., lip closing and lip 
opening/rounding) may require different timing/phasing relationships (Gracco, 1988, 1994). In 
this respect it is important to note that in a previous study (Van Lieshout et al., 1995) the interlip 
interval data were based on lip closing and lip rounding gestures, whereas in the present study, 
only lip closing activity was measured. Alternating between two different types of lip gesture, as 
in the previous experiment (Van Lieshout et al., 1995), requires a flexible motor control system, 
which could be an important aspect on which people who stutter can be differentiated from 
controls (Kalveram, 1993; McClean, Levandowski, & Cord, 1994; Van Lieshout et al., 1994). 
On the other hand, with only one type of lip gesture (the alveolar phonemes do not require lip 
action), including a pre-specified lip position (open mouth before stimulus onset), as in the 
present experiment, the demands on motor control are probably less strict (see also 
Zimmermann & Hanley, 1983), at least at the level of IEMG onset. 
However, the onset of lip IEMG activity is perhaps not the most relevant parameter in 
which group differences in motor control may show up. In fact, as argued by Gracco (1988), the 
timing of IEMG peak amplitude could be a more critical factor, which brings the discussion to 
the final question. 
5. Do people who stutter differ from control speakers in the timing of IEMG peak 
amplitudes? 
In a recent study (Van Lieshout et al., 1993), it was shown that persons who stutter 
differed significantly from control speakers in the durations of the interval between IEMG onset 
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and the temporal location of the EMG peak amplitude. In referring to a model by Gottlieb et al. 
(1989), these findings were interpreted as an indication that persons who stutter compared with 
control speakers, might use different motor control strategies. Similar suggestions were made in 
a previous study about a group effect for the onset of IEMG activity (Van Lieshout et al., 1995). 
In their model, Gottlieb et al. (1989) argue that longer delays in IEMG peak latency reflect a so 
called speed sensitive strategy, which is used "when the subject exerts control over the speed at 
which the movement must be performed or over movement time" (p. 196). The benefit of 
controlling movement speed, in order to facilitate fluency, was already noticed by Zimmermann 
(1980). Similar suggestions were made recently by McClean et al. (1994). The data on the 
IEMG peak latencies of the present experiment replicate the findings of previous work (Van 
Lieshout et al., 1993) in showing significantly longer delays for the persons who stutter. Of 
course, it is possible that such a delay indicates a so-called negative symptom (cf. McClean, 
1990), that is, persons who stutter have an impairment in controlling muscle force over time. 
But then, this should have triggered clear group differences in the variability of the peak latency, 
either showing more variable intervals or less variable intervals (cf. McClean et al., 1994). In 
comparing the average coefficient of variation for IEMG peak latencies of persons who stutter 
and control speakers for upper lip (controls: 21.01%; persons who stutter: 25.1%) and lower lip 
(controls: 38.4%; persons who stutter: 23.1%), a clear group difference is not observed. 
Furthermore, if persons who stutter have problems in controlling muscle force output, the effect 
of word size on IEMG peak latency should have been different for both groups. However, there 
was no interaction between group and word size, only an overall slowing down in the timing of 
IEMG peak latency for the persons who stutter, which seems more in line with the idea that they 
might have used a different motor control strategy, as described above. 
Why should persons who stutter use different motor control strategies? The control of 
movement speed, as suggested above, might relate to motor skill (Van Lieshout et al., 1994, 
1995), in that persons who stutter are at the low end of the motor skill continuum, and need to 
rely more on proprioceptive information to guide their actions. Such reliance is often seen in 
motor learning, and by its very nature it is more time demanding than using highly automated 
motor acts (see also Gracco, 1988, 1994; Schmidt, 1988, for a general discussion of this topic). 
This process of integrating sensory-motor information may occur just before or even during the 
phase in which motor units are recruited (cf. Gracco, 1988), and thus might be reflected in the 
time course of IEMG peak latencies or in the timing of peak velocities on a kinematic level (Van 
Lieshout et al., 1994). This is of course still a matter of speculation, but as stated by De Nil 
(1994): 
The observation of differences between stutterers and nonstutterers in their ability to 
use proprioceptive feedback during the production of small oral movements, and the 
fact thai these differences almost always reveal poorer performance among stutterers, 
points towards the need to re-evaluate the role of oral sensory feedback in stuttering 
(p. 5) 
Conclusions 
In the present study, a tentative answer was sought as regards the significance of various 
aspects in speech production (memory/linguistic processing, motor plan assembly, and muscle 
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command preparation/execution) for explaining differences between people who stutter and 
matched control speakers. The data that were presented do not show clear evidence for 
systematic higher order (memory/linguistic/motor plan assembly) effects on group differences. 
On the other hand, the data do show some evidence for group differences in motor control at the 
level of motor unit recruitment. It was argued that these differences are probably better 
understood in terms of motor control strategies than in terms of motor control deficits. One of 
the basic mechanisms in speech motor control that in this respect demands more attention is 
sensory-motor integration. 
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Appendix 
Experimental stimuli (including English translation) 
Words 
1 SYL 
bies 
(piping) 
2 SYL 
bietser 
(cadger) 
meet meeldauw 
(starting/end point) (mildew) 
doop 
(baptism) 
naad 
(seam) 
doofpot 
(extinguisher) 
naarling 
(odious person) 
3SYL 
biefburger 
(beefburger) 
meesterkok 
(chief cook) 
doopleerling 
(catechumen) 
naaicursus 
(sewing-class) 
4 SYL 
bierconsumptie 
(beer consume) 
meertrapsraket 
(multi-stage rocket) 
doorkiessysteem 
(direct dialing system) 
naamvalsuitgang 
(case ending) 
Symbols 
< 
/ \ 
/ 
Λ 
ν 
Π 
L 
FIGURE A. Set of symbols used in symbol-naming task. 
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Chapter 6 
Electromagnetic midsagittal articulography (EMMA) 
(Slightly adapted version of chapter in F J Maarse, A E Akkerman, A N Brand, L J M Mulder M J van der Stelt 
(Eds ), Computers in Psychology Applications, methods, and instrumentation (pp 62 76) Lisse Swets & 
Zeithnger) 
PHH M van Lieshout, Ρ J Alfonso, W Hulstijn, and H F M Peters 
Abstract 
Research with regard to the kinematics of the articulators in speech has thus far been 
seriously limited by the difficulty of measuring the movements of the most important 
articulator the tongue The recent development of electromagnetic systems allows the 
simultaneous monitoring of lip, jaw, and tongue movements without the hazards of the 
previously used X ray techniques In this paper a commercially available 
electromagnetic system, the Articulograph AG 100, is described in some detail, 
followed by a brief report of a comparison, using this system, of articulatory 
sequencing in perceptually fluent utterances of persons who stutter and matched control 
subjects 
Introduction 
The precise measurement of articulator movements is of considerable importance for 
both fundamental and clinical speech motor research Lip and jaw movements can be monitored 
with available movement tracking systems, like Selspot, strain gauges, Optotrak etc However, 
problems arise when tongue movements are to be recorded The tongue is one of the most 
important articulators, if not the most important one, and the complexity and speed by which it 
moves forms a major challenge to theories in speech motor production (Hoole, Gfroerer, & 
Tillman, 1990) Given the tongue's anatomical location within the oral cavity, the above 
mentioned techniques cannot be used Different techniques were called for, and although some 
of them have proven their usefulness (see Schonle, 1988, for a review), none of them can 
provide a full perspective on movement patterns of the tongue (Hoole et al, 1990) One of the 
more recent techniques, the electromagnetic midsagittal articulography (EMMA), however, 
seems to offer the most comprehensive solution by allowing the acquisition of large quantities 
of movement data with a high spatial and temporal resolution without using hazardous methods 
At the moment, several EMMA systems are available This paper will be restricted to the 
detailed description of the AG 100 system This was originally developed by Schonle and 
coworkers at the University of Gottingen (Schonle, Grabe, Wenig, Hohne, Schrader, & Conrad, 
1987, Schonle, 1988), and manufactured and distributed as a commercial product by a German 
company (Carstens Mikroelektronik GmbH) Furthermore, to illustrate its use, we will briefly 
report on some data about the temporal sequence and relative timing of lips and jaw as prime 
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articulators in lip-closing gestures in perceptually fluent speech of people who do and who do 
not stutter, which were gathered in an experiment using the AG 100 system. 
Features of the AG 100 system 
An extensive review on calibration and validation of the AG 100 system, and on some hardware 
and software modifications can be found in Alfonso, Neely, Van Lieshout, Hulstij η, and Peters 
(1993). 
General principles 
The AG 100 uses an non-homogeneous magnetic field of a dipole, of which the field 
strength decreases cubically as a function of the distance from the transmitter. Placing a receiver 
coil into an alternating magnetic field with its axis in parallel to that of the transmitter coil 
results in an alternating signal in the receiver, which is proportional to the flux density and the 
cross sectional area of the receiver. Thus, the distance between receiver and transmitter coils is 
directly related to the amplitude of the receiver signal. In principle, a two-transmitter coil system 
would be adequate for transducing movements in a two-dimensional space. However, in case the 
receiver coil is tilted with respect to the orientation of the transmitter coil, the effective area is 
the actual cross sectional area times the cosine of the tilt angle. Using a third transmitter coil, the 
tilt angle can be determined and corrected by means of an iterative solution of a nonlinear 
equation system (see Schönle et al., 1987; Schönle, 1988, for more details). 
Technical description 
Figure 1 shows the basic components of the AG 100 system. It consists of a helmet on 
which three transmitter coils are mounted, five receiver coils (about 2 mm in diameter), an 
analog unit for (pre)amplification, high-pass filtering, and demodulation of the signals. The data 
are then transferred over an IEEE interface to an IBM-compatible PC (386 and higher) on which 
the software runs that controls data acquisition and tilt correction. 
The fixed transmitter coils are mounted above the forehead, in front of the jaw, and 
below the occiput, with their axes parallel to each other and perpendicular to the midsagittal 
plane, respectively. The Y-axis is defined from the symmetry center of the forehead transmitter 
to the symmetry center of the jaw transmitter. The X-axis is perpendicular to the Y-axis, in the 
plane that passes through the symmetry centers of the three transmitter coils (Figure 2). All three 
transmitter coils are excited sinusoidally at different frequencies. 
The receiver coils have twisted pairs of thin wire connected to the preamplifiers, which in 
tum are connected to the electronic analog unit by shielded cables. The voltage induced in each 
receiver lies within the microvolt to millivolt range. To date there is no evidence that harmful 
effects can occur resulting from non-ionizing radiation in the range of frequencies and field 
strengths as used in this device (see Tuller, Shao, & Scott Kelso, 1990, for references). 
Sampling rates are dependent on the type of processor used in the PC, but for a Compaq 386/20 
e with 20 MHz CPU speed they can be set at values up to 600 Hz for five channels. The spatial 
resolution for relative displacements of the system is within 0.5 mm in the major working space 
(oral cavity), as long as the receivers are within 2 cm of the center plane and receiver tilt does 
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not exceed 30 degrees (Tuller et al., 1990). Receiver coils can be fixed on surfaces outside the 
oral cavity using surgical tape or Skin-Bond Cement (Smith+Nephew United, Inc., USA), while 
inside the oral cavity the use of surgical glue like Histoacryl (B. Braun Meisungen AG, 
Germany) or Cyano Veneer (Meyer-Haake GmbH, Germany) is recommended. 
2 channel acouatlc board 
FIGURE 1. Components of the AG 100 (copied with permission from Carstens Medizinelektronik GmbH, 
Göttingen). 
Recent modifications to the AG 100 system are the integration of a 12-bit, two channel 
speech digitizing (16 kHz) module (Figure 1) and improvements in the tilt correction feedback 
which allows for on-line visual inspection of the accuracy by which χ and y positions of the 
receiver coils are determined. In order to improve the stability and standardization of the 
helmet's position on the subject's head, our research group devised a new type of helmet 
attached to a suspending device, that compensates for a substantial portion of the helmet's 
weight. 
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FIGURE 2. The helmet in the coordinate system. The chin transmitter is the origin of the coordinate system, 
with the forehead transmitter on the Y-axis at 32090 units (= 320.9 nun). All three transmitters are at the 
vertices of an equilateral triangle (copied with permission from Carstens Medizinelektronik GmbH, 
Göttingen). 
Advantages of EMMA 
Comparing EMMA with other techniques, like electropalatography (EPG), X-ray 
(microbeam) systems, and ultrasound, the following characteristics of EMMA are noteworthy. 
First, in contrast to EPG and ultrasound, EMMA provides simultaneous information on the 
actual movements of the articulators for all oral sound productions in a particular language 
system that can be sufficiently described in a two-dimensional way (Hoole et al., 1990) with 
high temporal and spatial resolution within the major working space (Schönle et al., 1987; 
Schönle, 1988; Tuller et al., 1990). Furthermore, it does so with a relatively high system 
repeatability (2.41% largest difference in absolute coordinates for measurements on two 
different days, Tuller et al., 1990). 
Second, in contrast to X-ray systems it is a biologically safe movement tracking system 
(Schönle et al., 1987; Schönle, 1988; Tuller et al., 1990) and is relatively easy to use without 
requiring complex and time consuming calibration and set up procedures (see also Tuller et al., 
1990). EMMA can, thus, be used to collect movement data for relatively long periods of time, 
that is, up to about one hour, in repeated sessions. Finally, we found that EMMA can be used in 
combination with electromyography (EMG) recordings (see also Schönle, 1988) and 
electroglottography (EGG), without any interference with either EMMA or EMG/EGG data. 
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Problems with EMMA 
An apparent limitation of the EMMA system is the fact that motions can be traced only in 
two dimensions. Although it is unclear how serious this limitation will turn out to be for normal 
speech, the kinematics of which are generally symmetric, but it could certainly be a problem in 
various pathological disorders where more eccentric, especially lateral, motions are likely to 
occur. Furthermore, there is a clear need for standardization of receiver coil placements in order 
to compare results of different experimental sessions, results of different research groups, and 
different movement tracking-systems (Hoole et al., 1990; Tuller et al., 1990). 
Finally, the tilt problem is not fully resolved. Although on-line information is provided 
about the accuracy of the actual receiver coil location, the researcher is left uncertain about the 
precise nature and extent of possible error sources, such as slippage of the helmet or loose 
receiver coils. Different problems will require different solutions. On a recent (ACCOR) 
workshop on electromagnetic articulography in phonetic research (Munich, 19-21 April 1993), it 
was concluded that standardization among scientists and experimental protocols are called for. 
An application in the field of stuttering 
To illustrate the use of EMMA in speech motor research, we will describe a selection of the data 
from a study on articulatory sequencing and relative timing with people who stutter and matched 
control speakers, which were obtained using the system. 
Introduction 
Research in the area of stuttering has shown increasing interest in speech motor aspects 
of the disorder since the mid-seventies (e.g., see Starkweather, 1987, for a historical review). 
One of the main research topics is related to the identification of stable dynamic speech 
motor-control parameters that may be involved in the breakdown of the coordination of multiple 
movement structures which is hypothesized to form the basis of core stuttering behavior (cf. 
Alfonso, 1991; Caruso, 1991). 
One control parameter that received much interest is the sequence and relative timing1 of 
the articulators for a specific speech gesture (Alfonso, 1991). For example, Caruso, Abbs, and 
Gracco (1988) found that the timing of peak velocity showed a consistent pattern of upper lip, 
lower lip, and then jaw in the combined action for /p/-closure. This was true for control 
speakers. However, in perceptually fluent speech stutterers showed different and more variable 
sequencing patterns and shorter intervals. Data from later studies (De Nil & Abbs, 1991; 
McClean, Kroll, & Loftus, 1990 ) challenged the consistency of the above pattern for control 
speakers, as well as the differences between people who stutter and control speakers (De Nil, 
1992). 
The study, that will be described here in part only, was set up to investigate the effects of 
word size (varying from one to four syllables) on the speech motor organization of people who 
stutter and matched controls by recording the sequence and relative timing of movement onset 
and peak velocity of lips, jaw, and tongue tip in bilabial and alveolar sounds. The manipulation 
Throughout this paper, relative timing is defined as the difference in time between the moments of activity of the 
individual articulators, referring to either movement onset or movement peak velocity. 
177 
Chapter 6 
of word size was chosen since this variable has a well-known, though not yet adequately 
explained, effect on stuttering frequency (Soderberg, 1966) For practical reasons, however, this 
paper will only discuss data on voiced bilabiale (/b/ and Imi) m the initial position of 
monosyllabic and four-syllable words spoken by a small group of native Dutch stuttering 
subjects and matched controls 
Method 
Subjects. Four stuttering subjects (mean = 22 0 years, SD = 2 2) and four nonstuttenng 
subjects matched for age (mean = 25 5 years, SD = 3 2) and educational level, participated in the 
experiment Stuttering severity as assessed by the Stuttering Seventy Instrument (Riley, 1972) 
ranged from very mild to moderate Apart from the stuttering problem in the experimental 
group, all subjects had a negative history as regards neurological, speech, language, and hearing 
disorders 
Stimuli. The target words to be discussed here were four different items, embedded in the 
frame sentence "zij zei [ ] alweer" (she said [ ] again) The items ( 'beek , ' beekbezinking', 
"meet", and "meetcyhnder") differed in initial consonant, either being a bilabial /b/ or Imi, and 
in number of syllables (one or four syllables) The monosyllabic word also formed the first 
syllable (and morpheme) of the four-syllable words, and the first vowel after the initial 
consonant was always /e / All words were low-frequency nouns (< 1000), based on 42 million 
tokens in CELEX, a computerized Dutch lexical database (Burnage, 1990) 
Task. The four items were combined in a random order with 12 other words, not further 
discussed here, and repeated three times within a block of 48 trials Each block was repeated 
three times yielding nine repetitions per item for each subject Subjects saw the sentence frame 
with the target word on a monitor After hearing a 500 msec acoustic Go-signal (three 2000 Hz 
tones at 100 msec duration with 100 msec pause in between), they had to pronounce the whole 
sentence at the rate and vocal intensity level which corresponded to the individual's normal 
speech rate and loudness Following the vocalization of the sentence, the experimenter allowed 
the subject a few seconds to return to a resting position, after which the next sentence was 
displayed on the screen In this way the stuttering subjects were given enough time to recover 
from a stutter, if one occurred 
Procedure. Before the beginning of the experiment, all stuttering subjects were asked to 
read aloud a standard text (reading), tell in their own words what they had read (monologue), 
and to answer some questions (dialogue) They were video taped during these activities for 
subsequent analysis of their stuttering seventy (see above) Subsequently, they were asked to sit 
in a chair, and the AG 100 helmet was adjusted to fit on their head in a relatively comfortable 
way The helmet was then taken off to allow the experimenter to fix the receiver coils on the 
median line of the vermilion border of upper and lower lip, the chin, the tongue-tip, and the 
nose The chin coil was placed in a location with negligible artifacts from skin movement during 
lip closure with clenched jaws The tongue-tip coil was attached for purposes that do not bear on 
the study reported here All coils, except for the one on the nose, were glued with Histoacryl (B 
Braun Meisungen AG, Germany) After verification that all receivers were tightly fixed, the 
helmet was again placed on the subject's head and checked for correct midsagittal alignment 
with the receiver coils 
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Apparatus. In addition to articulator movement data, speech acoustics were recorded 
using a condenser microphone (AKG) at a constant oral-opening-to-microphone distance (30 
cm). Speech and movement data were aligned using a pulse signal from the AG100 PC (IBM 
PS2/70-386) to indicate the start and end of each recording, similar to a procedure described by 
Hoole et al. (1990). A second PC (IBM PS2/30) and monitor were used to display the stimuli 
and to generate the Go-signal, which was triggered by the pulse signal from the AG100 PC 
mentioned above. 
Movement data were recorded and digitized (400 Hz) with the AG 100 system. Speech 
was stored on one track of a Revox B77 MK11 recorder and the synchronization pulse signal, on 
the other track. Both signals were also recorded on separate tracks of an FM-instrumentation 
recorder (TEAC) using a tape speed of 24 cm/s which corresponds to a frequency range of 
0-1250 Hz. Clearly, for speech, this is a rather limited range, but the recording was used only as 
a reference signal for selecting the relevant parts in the movement signals. 
Data analysis 
Only perceptually fluent trials were analyzed, as marked by two speech pathologists both 
during the experiment and later by means of acoustic and visual inspection of the recorded 
signals. In total 5.19% of all data from the nonstutterers and 5.75% of all data from the 
stuttering subjects were discarded as being erroneous or non-fluent. 
Data analysis was done on a VAXstation 3100. Movement data were digitally low-pass 
filtered (12 Hz, linear phase finite impulse response (FIR) filter) and rotated with a variable 
angle between 30° and 45°, so as to let the line between nose and jaw coordinates in resting 
position serve as vertical reference axis. The jaw signal was subtracted digitally from the lower 
lip and tongue tip signals, yielding a lower lip and tongue tip movement independent of the jaw. 
The speech signal from the FM-instrumentation recorder was band-pass filtered between 50 and 
1250 Hz (48 dB/octave) before digitizing (5000 Hz). The recorded synchronization-pulse signal 
from the EMMA system was used as trigger input for starting and stopping the digitizing 
process. On line measurements during the digitizing process showed that the accuracy of 
alignment with the movement data was within .5 msec. Figure 3 shows an example of one trial, 
displaying the speech and movement signals that were analyzed. 
Specific temporal events were marked by manual manipulation of a cursor for subsequent 
quantitative analysis. These events included movement onset (defined as the time at which the 
velocity in the appropriate direction exceeded the zero-velocity line), movement peak velocity 
(defined as the time at which velocity reaches its peak value), and movement offset (defined as 
the time at which the velocity reached the zero-velocity line). 
The relative frequency distributions of movement onset and time of peak velocity for lips 
and jaw were skewed. Therefore, for each of the three articulators, and per subject, the median 
was calculated for movement onset and time of peak velocity, across word size (one and four 
syllables) and sound (/b/ vs. /m/) variations, since both factors showed no significant main or 
interaction effect. In order to obtain relative timing scores, these median values were used to 
calculate the intervals between upper and lower lip, and between lower lip and jaw. These 
intervals were taken as input in a one-way analysis of variance with group as between-subject 
variable. 
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[zei] 
FIGURE 3. Example of a trial, showing the audio, position, and velocity signals, as well as the dependent 
measures. TT = Tongue Tip, UL = Upper lip, LL = Lower lip, JA = Jaw. 1,4, and 7 => movement onset; 3,6, 
and 9 => time of peak velocity; 2,5, and 8 => movement offset. 
Results 
In Figure 4 the articulator sequence and relative timing data for the stuttering subjects and 
their matched controls are shown for the upper lip - lower lip interval and the lower lip - jaw 
interval. The first event serves as a zero reference time. The movement onset sequence observed 
in both groups was upper lip, lower lip, and jaw which was as expected. As regards peak 
velocity, however, nonstuttering subjects showed that upper lip and lower lip reached their 
maximum velocity at the same time, followed by the jaw peak velocity after a very small delay. 
The persons who stutter, on the other hand, showed some delay of upper lip peak velocity, and a 
long delay of jaw peak velocity, resulting in a reversed order between upper lip and lower lip 
compared with movement onset. 
With respect to the relative timing at movement onset, the persons who stutter showed a 
smaller interval between upper and lower lip (2.7 msec, SD = 24.2) and a much larger interval 
between lower lip and jaw (28.3 msec, SD = 23.4) when compared with the control speakers 
(19.7 msec, SD = 38.9 for the interlip interval and 5.5 msec, SD = 26.1, for the lower lip - jaw 
interval). These differences, however, were not significant for the interlip interval, F(l,6) = .55, 
and for the lower lip -jaw interval, F(l,6) = 1.69. The large standard deviations show that there 
was considerable intersubject variation in both groups. 
As regards the relative timing of peak velocity, the people who stutter showed a larger 
interval between upper lip and lower lip (13.2 msec, SD = 8.4) when compared with the control 
subjects (.2 msec, SD = 19.7). This difference was also not significant, F(l,6) = 1.45. The group 
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difference for the interval between lower lip and jaw (5.9 msec, SD = 6.6 for the nonstuttering 
subjects, and 33.7 msec, SD = 15.3 for the stuttering subjects) was very similar in magnitude 
(27.8 msec) when compared with the same interval at movement onset (22.8 msec). But, due to 
smaller intersubject variations (see standard deviations), it was now significant, F(l,6) = 11.24, 
ρ < .01. In general, the control subjects clearly demonstrated a shorter interval range for the time 
of peak velocity when compared with movement onset. For the persons who stutter, such a 
difference was not seen. For both groups, however, the standard deviations of the durations of 
the interarticulator intervals were much smaller when defined at peak velocity than at movement 
onset, indicating a more consistent timing pattern across the four subjects within a group. 
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FIGURE 4. Articulator sequence and relative timing of movement onset and peak velocity for people who 
stutter (ST) and people who do not stutter (NS), showing the data for upper lip, lower lip, and jaw. 
Discussion 
Our study showed that for movement onset, the durations of the interarticulator intervals 
were quite variable across individual subjects. Therefore, we are inclined to conclude that the 
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overall articulator sequence pattern we found at movement onset, although in line with previous 
findings of Caruso et al. (1988), must be interpreted with great caution. In addition, persons who 
stutter appeared not to differ from controls on this measure. 
However, the relative timing of peak velocity was less variable across subjects, and a 
significant group difference in the interval between lower lip and jaw was found. For control 
speakers the peak velocities for upper lip, lower lip, and jaw are rather close in time, whereas for 
people who stutter the temporal location of the peak velocities of the articulators is distributed 
over a much wider range, but consistently spaced across subjects. 
Our findings are interesting in light of Gracco's theory (1988), which states that peak 
velocity timing is of major importance in the control of multiarticulatory movements. In 
Gracco's view, a clear asynchrony between the temporal locations of peak velocity for the 
individual articulators denotes the intended or planned outcome of a motor control system that 
uses proprioceptive feedback. Within an articulator assembly (or gesture), one of the articulators 
"leads the way", and, thus, provides specific information to the sensory-motor control system to 
"adjust the positions of subsequent timing of upcoming sequential movements" (p. 4637). The 
data of our stuttering subjects, showing a clear asynchrony consistent across subjects in the 
timing of the peak velocity of lips and jaw, seem compatible with such a control strategy in 
which feedback plays a major role. 
Nonstuttering subjects, on the other hand, show very small interarticulator interval 
durations, suggesting that, in contrast to the people who stutter, they aim for a close 
synchronization of peak velocities. This may result from a control strategy that utilizes 
dynamical interactions between articulator movements within the speech gesture and, 
consequently is less dependent on proprioceptive feedback (e.g., see Saltzman, 1991). Due to 
normal nonsystematic fluctuations in the timing of speech gestures (cf. Gracco, 1991), there will 
of course be some small variation in the durations of the intervals. For this "dynamic" control 
strategy, as opposed to the "feedback" control strategy, the articulator asynchrony or the specific 
sequence order by itself is most likely a less critical aspect. 
In conclusion, we must emphasize, that caution is required when generalizing from these 
data, since they are based on not more than four subjects in each group. Still, the data illustrate 
three interesting aspects. First, the timing of movement onset is less consistent across subjects 
than the timing of peak velocities. Second, sequence order is intimately related to relative 
timing. Third, people who stutter and matched control speakers differ in their relative timing of 
peak velocity. Using Gracco's theory (1988), this result can be explained by assuming that both 
groups differ in the type of motor control strategy. Of course, much more research is needed to 
test these assumptions with different types of speech gestures and under various conditions, for 
example, one in which speech rate is varied. We are convinced that the EMMA system will 
prove to be an important tool in subsequent research following these lines. 
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Samenvatting 
In veel gangbare definities wordt stotteren beschreven als een verstoring van de 
vloeiendheid van spraakproductie, hetgeen zich voor zowel luisteraar als spreker primair uit in 
de vorm van onderbrekingen in de motorische realisatie van spraak. Dit proefschrift omvat een 
nader onderzoek naar het verloop van met name spraakmotorische processen in de vloeiende 
spraak van mensen die stotteren en mensen die niet stotteren. Twee vragen staan hierbij centraal: 
• Verschillen stotteraars en niet-stotteraars duidelijk (significant) van elkaar in bepaalde 
spraakmotorische aspecten?, en indien ja, 
• Hoe kunnen deze verschillen geïnterpreteerd worden? 
In het eerste hoofdstuk van dit proefschrift wordt een spraakmotorische benadering van 
het stotteren gepresenteerd (part 1). Uitgangspunt hierbij is, dat een spraakmotorische 
benadering niet in eerste instantie op zoek dient te gaan naar de oorzaak of de oorzaken van het 
stotteren, maar zich veeleer moet richten op het zichtbaar en begrijpelijk maken van de 
(spraak)motorische processen die aan zowel vloeiende als niet-vloeiende spraakproductie ten 
grondslag liggen. Hiervan uitgaande kan vervolgens een poging worden ondernomen om 
"normaal" van "abnormaal" of liever "niet-functioneel" spraakmotorisch gedrag te scheiden. 
Dikwijls worden geobserveerde verschijnselen bij stotteraars tot stoornissymptomen verheven, 
waarna men overgaat tot het formuleren van een theorie over de mogelijke oorzaak van het 
stotteren. In dit proefschrift wordt benadrukt dat deze verschijnselen ook het resultaat kunnen 
zijn van (onbewust) toegepaste motorische controle strategieën, hetzij ter compensatie van 
verstoringen die in een bepaalde fase van de spraakproductie ontstaan, hetzij als uiting van de 
"normale" manier waarop iemand met beperkte spraakmotorische vaardigheden, zonder dat 
hierbij sprake is van een stoornis, in staat is om (meestal) toch nog vloeiende spraak te 
produceren, 
Deel 2 van hoofdstuk 1 (part 2) begint met een korte bespreking van een vrij algemeen 
model van de spraakproductie. Het model is beperkt in die zin, dat het de fasen die voorafgaan 
aan het samenstellen van een fonologische code voor een bepaalde uiting, betreffende de 
syntaktische, semantische en eventueel conceptuele aspecten ervan, buiten beschouwing laat. 
Het model geeft een schematisch overzicht van de verschillende fasen die worden doorlopen 
vanaf het moment dat een fonologische code is gevormd tot aan het moment waarop de uiting 
wordt uitgesproken. Grofweg kunnen er twee belangrijke hoofdfasen worden onderscheiden, te 
weten de fase waarin een abstract motorisch plan wordt opgebouwd en vervolgens opgeslagen in 
een motorisch buffer ("motor plan assembly") en een fase waarin de abstracte motorische 
commando's uit het motorisch plan in concrete spiercommando's worden vertaald om tenslotte 
te kunnen worden uitgevoerd ("muscle command preparation/execution"). De beschrijving van 
dit model wordt gevolgd door een bespreking van de belangrijkste verschillen tussen stotteraars 
en niet-stotteraars, voor zover deze betrekking hebben op de fasen zoals genoemd in het model. 
Uit dit overzicht blijkt dat groepsverschillen in globale maten zoals spraakreactietijden in 
studies waarin bepaalde hogere orde (linguïstische/cognitieve) variabelen zijn gemanipuleerd, 
veelal worden toegeschreven aan een linguïstisch of cognitief probleem bij stotteraars. 
Gemakkelijk wordt echter voorbijgegaan aan het feit dat dergelijke hogere orde manipulaties 
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we) degelijk ook een invloed kunnen hebben op de wijze waarop het motorische systeem wordt 
aangestuurd. Met andere woorden, er moet rekening worden gehouden met een intrinsieke 
relatie tussen linguïstische/cognitieve specificaties en spraakmotorische implementaties. Dit 
onderstreept ook het belang van het onderkennen van motorische controle strategieën. 
Hoofdstuk 1 wordt vervolgd met een samenvatting van het experimentele werk dat wordt 
gerapporteerd in dit proefschrift (part 3) en afgesloten met een korte beschrijving van een nieuw 
onderzoeksparadigma. In dit paradigma kan worden onderzocht in hoeverre en op welke manier 
motorische controle strategieën een rol spelen in de articulatie van spraakbewegingen. 
Een belangrijke doelstelling van het onderzoek dat wordt beschreven in dit proefschrift is 
het verzamelen van data op basis waarvan zou kunnen blijken welke fase in de spraakproductie, 
zoals verondersteld in het in deel 2 van hoofdstuk 1 beschreven model, domineert in de 
verschillende wijzen waarop stotteraars en niet-stotteraars spraak produceren. 
Deze doelstelling bouwt voort op eerder onderzoek van Peters, Hulstijn en Starkweather 
(zie ook hoofdstuk 1, part 3), waarin werd gevonden dat de spraak-reactietijden van stotteraars 
niet alleen langer waren in vergelijking met niet-stotteraars, maar bovendien een extra effect 
vertoonden als functie van uitingslengte. Op basis hiervan concludeerden de auteurs dat 
stotteraars problemen ondervinden in het motorisch plannen van spraakuitingen. Tegelijkertijd 
vonden genoemde auteurs ook groepsverschillen die wezen op een invloed van latere fasen in 
spraakplanning, namelijk de fasen waarin abstracte motorische specificaties worden vertaald in 
spierspecifieke commando's. Om een beter inzicht te verkrijgen in de invloed van deze 
verschillende fasen op de spraakproductie van stotteraars en niet-stotteraars, werd een aantal 
experimenten uitgevoerd waarin achtereenvolgens groepsverschillen werden onderzocht in 
amplitude- en tijdsdimensies van lipspier-activiteit, gemeten met behulp van 
electromyografische (EMG) registraties (hoofdstuk 2); de invloed van linguïstische factoren op 
de spieractiviteit van boven- en onderlip tijdens lipronding bij normale sprekers (hoofdstuk 3); 
de effecten van woordlengte in woord oplezen en plaatjes benoemen (hoofdstuk 4); de effecten 
van woordlengte in een woordherkenningstaak, woord oplezen en symbolen benoemen 
(hoofdstuk 5); en tenslotte, de relatieve timing van spraakbewegingen van bovenlip, onderlip en 
kaak, daarbij gebruik makend van een recente ontwikkeling op het gebied van 
spraakbewegingsregistratie, de electromagnetische midsagittale articulografïe, ofwel EMMA 
(hoofdstuk 6). 
Het onderzoek dat wordt beschreven in hoofdstuk 2 richt zich op mogelijke verschillen 
tussen stotteraars en niet-stotteraars in spieractiviteit, zoals die worden beschreven in eerdere 
onderzoeken (zie hoofdstuk 1, part 2). In dit onderzoek werd de spieractiviteit van de onderlip 
gemeten bij een groep van stotteraars en een daarmee qua leeftijd overeenkomende groep van 
niet-stotteraars. De resultaten lieten zien dat stotteraars, in vergelijking met de niet-stotteraars, 
signficant meer spieractiviteit vertoonden op het moment dat spraak hoorbaar wordt en 
gedurende spraakproductie zelf. Dit gegeven repliceerde de resultaten van het reeds genoemde 
eerdere onderzoek. Echter, een sterker groepsverschil was te zien voor de timing van het 
maximum in spieractiviteit (EMG piek latentie), hetgeen niet met de mate van spieractiviteit 
gecorreleerd bleek te zijn. Dit gegeven kan een indicatie zijn voor een stoornis in de temporele 
regulatie van spieractiviteit bij stotteraars. Op basis van recente theorieën over motorische 
controle-processen wordt hier een alternatieve verklaring voorgesteld, waarin het groepsverschil 
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in EMG piek latentie gezien kan worden als het effect van een groepsverschil in motorische 
controle-strategie, dat wil zeggen, in de wijze waarop specifieke parameters voor het reguleren 
van spierkracht worden ingesteld met als doel het controleren van bewegingssnelheid. 
In hoofdstuk 3 wordt een onderzoek beschreven naar de effecten van linguïstische 
factoren op spraakmotorische controle-processen. In dit onderzoek werden veranderingen in 
duur en mate van (geïntegreerde) spieractiviteit van bovenlip en onderlip bestudeerd in relatie 
tot linguïstische factoren die bekend zijn om hun invloed op stottergedrag (zie hoofdstuk 1, part 
2), te weten, de positie van een woord in een zin, de lengte van een woord, en de lengte van een 
zin. De hypothese is dat het produceren van beklemtoonde klinkers met lip-ronding aan het 
begin van een zin, bij een langer woord en bij een langere zin, gepaard gaat met hogere eisen ten 
aanzien van de spraakmotorische controle. Uitgezonderd voor de zinslengte manipulatie werd de 
hypothese door de resultaten bevestigd, in die zin dat lipronding aan het begin van een zirt en bij 
langere woorden meer motorische inspanning ("effort") vereist, hetgeen resulteerde in een 
toename van spieractiviteit. Voor de zinslengte conditie werd juist een vermindering van 
spieractiviteit gevonden, hetgeen kan suggeren, dat bij langere zinnen proefpersonen kunnen 
kiezen voor een motorische strategie waardoor de bewegingen qua amplitude worden 
gereduceerd teneinde via een sterkere mate van co-articülatie een hogere spreeksnelheid te 
kunnen bereiken. In het algemeen tonen de resultaten aan, dat linguïstische specificaties een 
invloed hebben op de eisen die aan de motorische controle worden gesteld. Een toename in 
linguïstische complexiteit kan mensen, in het bijzonder stotteraars, ertoe aanzetten alternatieve 
oplossingen te zoeken in het controleren van hun spraakbewegingen, zodanig dat de kans op een 
verstoring in de vloeiendheid minimaal wordt. 
In hoofdstuk 4 wordt een reactie-tijd paradigma beschreven, waarin een groep stotteraars 
en een daarmee qua leeftijd en opleiding overeenkomende groep van niet-stotteraars werd 
gevraagd om een aantal mono-syllabische en poly-syllabische woorden uit te spreken, hetzij via 
het hardop voorlezen van woorden op een scherm, dan wel via het benoemen van plaatjes 
waarmee voorafgaande aan de taak bepaalde woorden waren geassocieerd. Naast spraak 
reactie-tijden, werden ook woordduren en een aantal geselecteerde temporele maten in het 
respiratoire, fonatoire en articulatoire domein geregistreerd. Het hoofddoel van dit onderzoek 
was het differentiëren tussen de stotteraars en de niet-stotteraars, met betrekking tot de fase 
waarin een motorisch plan wordt geconstrueerd en de fase waarin spierspecifieke commando's 
worden geparametriseerd en uitgevoerd. De belangrijkste resultaten lieten zien dat, ondanks een 
algemene vertraging bij de stotteraars in spraak-reactietijden, er geen sprake was van een 
interactie-effect met woordlengte. Dit gegeven was niet in overeenstemming met de claim dat 
stotteraars problemen hebben met het construeren van een motorisch plan voor spraakproductie. 
Met betrekking tot de andere maten die in dit onderzoek werden gebruikt, vertoonden de 
stotteraars niet alleen langere woordduren dan niet-stotteraars, maar was er bovendien wel 
sprake van een interactie-effect met woordlengte. In de temporele fasering van de boven 
genoemde spraakmotorische gebeurtenissen bleken de stotteraars in het algemeen vertraagd, met 
name in het initiëren van thoracale expiratie-bewegingen en bovenlip-spieractiviteit. Het laatste 
effect lag zeer waarschijnlijk ten grondslag aan een significant groepsverschil in de volgorde 
van bovenlip en onderlip spieractivatie. De resultaten werden gezien als een verdere indicatie 
dat stotteraars verschillen van niet-stotteraars in de wijze waarop zij het spraakmotorische 
systeem aansturen. Een dergelijk verschil in motorische strategie kan een weerspiegeling zijn 
van een vorm van compensatie- of adaptiegedrag ten aanzien van een verder nog onbekende 
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stoornis, maar het kan ook een aanduiding zijn van een geringere spraakmotorische vaardigheid. 
De verschillen in spraakreactie-tijden tussen stotteraars en niet-stotteraars bleken groter voor de 
plaatjesbenoemingstaak dan voor de woord-opleestaak. Dit taak-effect is zeer waarschijnlijk 
gerelateerd aan de grotere groepsverschillen in de initiatie van inspiratie-bewegingen voor de 
benoemingstaak, maar het is ook denkbaar dat een dergelijk taakverschil een gevolg is van een 
groepsverschil in de verwerking van linguïstische informatie. 
Het experiment van hoofdstuk 5 vormt een poging om de bevindingen van hoofdstuk 4 te 
repliceren, alsmede om tot een verdere differentiatie te komen tussen het belang van de twee 
eerder genoemde fasen in spraakproductie bij het onderscheiden tussen stotteraars en 
niet-stotteraars. Evenals in hoofdstuk 4 was bij dit onderzoek woordlengte de belangrijkste 
experimentele factor. Naast de woord-opleestaak werd een symbool-benoemingstaak gebruikt, 
waarin abstracte lijnpatronen willekeurig worden gekoppeld aan bestaande woorden. Op deze 
manier moeten proefpersonen met behulp van associatieve relaties geheugenrepresentaties 
opbouwen van de te leren symbool-woord combinaties. Mogelijke groepsverschillen in de 
representatie en/of het ophalen van deze combinaties werden getest via een 
woordherkenningstaak. De belangrijkste resultaten van dit experiment lieten zien dat er geen 
sprake was van significante groepsverschillen in spraak-reactietijden of woordduren, of in de 
nauwkeurigheid en snelheid van het herkennen van de symbool-woord combinaties, Ook 
werden er voor deze maten geen interactie-effecten gevonden met woordlengte. Er bleek dus 
geen evidentie dat de stotteraars verschillen van de niet-stotteraars in het opbouwen en ophalen 
van geheugenrepresentaties betreffende de symbool-woord combinaties. Voorts werd in 
navolging van de resultaten van het experiment van hoofdstuk 4, wederom geen evidentie 
gevonden dat stotteraars verschillen van niet-stotteraars in hun vermogen om een abstract 
motorisch plan te generen voor spraakproductie. Echter, zowel in de woordlees-taak als in de 
symbool benoemingstaak bleek er een significant verschil te bestaan tussen beide groepen in de 
duur van het interval dat wordt bepaald door het begin van spieractiviteit en het bereiken van 
een maximum waarde in spieractiviteit. Dit interval, eerder aangeduid als EMG piek latentie, 
was langer voor de stotteraars voor zowel boven- als onderlip. Dit gegeven ondersteunt de 
bevindingen van hoofdstuk 2, waar EMG piek latentie het duidelijkste onderscheid liet zien 
tussen stotteraars en niet-stotteraars. In hoofdstuk 2 werden voor dit groepsverschil twee 
alternatieve verklaringen geboden. Een verklaring ging uit van een stoornis bij stotteraars in de 
neuro-musculaire timing van spraakbewegingen. De andere verklaring suggereerde dat het 
verschil in EMG piek latentie gebaseerd was op een groepsverschil in motorische controle 
strategie, waarbij ofwel sprake was van een compensatie-fenomeen, ofwel van een geringere 
spraakmotorische vaardigheid. Voor de data van het experiment van hoofdstuk S leek de 
stoomisverklaring minder plausibel dan de strategie-verklaring, op grond van argumenten die in 
het discussie-deel van dit hoofdstuk naar voren worden gebracht. 
Verdere indicaties dat stotteraars en niet-stotteraars verschillen in het type motorische 
controle-strategie dat wordt gebruikt, zijn aanwezig in de data van het onderzoek beschreven in 
hoofdstuk 6. Dit hoofdstuk bestaat uit twee afzonderlijke delen. Het eerste deel geeft een 
beschrijving van een recente ontwikkeling in articulo-motorisch onderzoek, de 
electromagnetische midsagittale articulografie, ofwel EMMA. Het tweede deel bespreekt een 
experiment, waarin voor een kleine groep stotteraars en een qua leeftijd en opleiding 
overeenkomstige groep niet-stotteraars, kinematische gegevens van bovenlip, onderlip en kaak 
werden geregistreerd, daarbij gebruik makend van de EMMA techniek. Proefpersonen moesten 
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bestaande woorden, aangeboden op een computerscherm in een vaste zinsconstructie, hardop 
voorlezen. De resultaten lieten zien dat voor het moment van inzet van de spraakbewegingen 
van genoemde articulatoren er geen significante groepsverschillen waren. Echter, voor het 
moment van het bereiken van de pieksnelheid in lipsluitingsbewegingen bleek dat stotteraars in 
vergelijking met de niet-stotteraars, een groter interval lieten zien tussen de afzonderlijke 
articulatoren, met name tussen onderlip pieksnelheid en kaak pieksnelheid. In het kader van 
recente theorieën over spraakmotorische controle, kan een dergelijke bevinding een indicatie 
zijn dat stotteraars in het temporeel faseren van belangrijke momenten (pieksnelheden) in 
spraakbewegingen meer dan niet-stotteraars afhankelijk zijn van sensorische (proprioceptieve) 
informatie. Een dergelijk verschil in het gebruik van sensorische informatie tijdens 
bewegingssturing is in overeenstemming met de veronderstelling dat stotteraars zich vooral 
kenmerken door een beperkte spraakmotorische vaardigheid. 
Samengevat leveren de resultaten van de onderzoeken beschreven in de hoofdstukken 2 tot en 
met 6 geen duidelijke evidentie voor de claim dat stotteraars een beperkt vermogen hebben tot 
het genereren van een abstract motorische plan voor spraak. Daarentegen blijkt wel dat met 
betrekking tot de fase waarin spiercommando's worden voorbereid en uitgevoerd, de groepen 
verschillen in de manier waarop hun spraakmotorische systeem wordt aangestuurd. Zulke 
verschillen zouden kunnen wijzen op een specifieke stoornis in de temporele regulatie van de 
spieractiviteit bij stotteraars (= stoomisverklaring). Een andere verklaring, die wordt beschreven 
in dit proefschrift, is dat dergelijke groepsverschillen wijzen op verschillen in motorische 
controle strategieën. Als stotteraars inderdaad andere motorische controle strategieën gebruiken 
dan niet-stotteraars, kan dit worden gezien als een vorm van compensatie- of adaptiegedrag, 
waarmee de negatieve effecten (stotteren) van een verder (nog) niet bekende stoornis zoveel 
mogelijk kunnen worden tegengegaan (= compensatieverklaring). Een derde verklaring tenslotte 
is dat het groepsverschil in motorische controle strategieën een weerspiegeling vormt van een 
verschil in motorische vaardigheid waarin stotteraars en niet-stotteraars van elkaar verschillen, 
zoals bijvoorbeeld ook goede en slechte schrijvers (met betrekking tot hun schrijf-motoriek) van 
elkaar kunnen verschillen (= vaardigheidsverklaring). In dit laatste geval is er dus geen sprake 
van een echte stoornis, maar van een uitgebreid continuum van spraakmotorische vaardigheid, 
waarbinnen stotteraars zich veelal in het "minder dan gemiddeld" deel van dit continuum 
bevinden. Deze laatste benadering van het stotteren, die ook met name in dit proefschrift wordt 
gepropageerd, gaat er dus van uit dat stotteraars motorisch gezien normale, maar 
"ongetalenteerde" sprekers zijn. Welke van de drie mogelijke verklaringen, te weten de 
stoornisverklaring, de compensatieverklaring, of de vaardigheidsverklaring het meest plausibel 
is met betrekking tot het spraakmotorisch gedrag van stotteraars, zal uit toekomstig onderzoek 
moeten blijken. Het reactietijd paradigma dat in de experimenten van dit proefschrift 
overwegend is gebruikt, schiet tekort bij het zoeken naar een antwoord op deze vraag. Een korte 
illustratie van een in dit opzicht wellicht geschikter paradigma staat beschreven in paragraaf 3.2 
van het eerste hoofdstuk. Hierbij wordt met name gekeken naar de stabiliteit van de koppeling 
tussen afzonderlijke articulatoren als functie van de complexiteit en snelheid van de uit te 
voeren bewegingssequentie tijdens het produceren van specifieke spraakhandelingen 
(bijvoorbeeld lipsluiting). 
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